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ABSTRACT 
 
Social vulnerability to climate change is increasingly being acknowledged, and proposals to 
measure and manage it are emerging. Building upon this work, this research proposes an 
approach to social vulnerability assessment using an empirical Social Vulnerability Index 
(SVI). Three principal novel developments of the study can be described, including: new 
practical definitions of SVI components; a new mechanism to aggregate and account for 
causal relationships among SVI components; and use of innovative community-based 
methods for data collection in developing the SVI. 
Building from existing studies of and models for SVIs, the research proposes new definitions 
for three key components, exposure, sensitivity and adaptive capacity. This responds to a lack 
of clarification of SVI components in work to date. The new definitions not only concretize 
classical concepts of seminal work in this area but also express quantifiable aspects of SVI 
components. In addition, a new algorithm established to produce an aggregated SVI in this 
research overcomes some inherent limitations of existing approaches. The proposed SVI 
formula is a simple equation and can be easily computed. This helps address existing 
complexity and vagueness in SVI calculation. It also reflects causal relationships among the 
SVI components that are lacking in previous studies. Furthermore, the process of SVI 
calculation in this research avoids the step of data standardization which is common in recent 
research. This improvement overcomes the inherent limitation of data standardization - 
namely, that the calculated SVI may not be compatible with future studies. 
To operationalize this index, a combination of qualitative and quantitative methods are 
proposed and tested, based on engagement with local environmental professionals and 
community members in a case study location, Quy Nhon city in Binh Dinh Province on the 
central coast of Vietnam. SVI factors selection using expert judgement to capture local 
stakeholders’ perspectives is shown to be possible through qualitative methods, including a 
Delphi survey, key informants interviews and two focus group discussions. Compared to data-
driven and theory-driven approaches, using local opinions helps reveal more explicit 
understandings of issues associated with social vulnerability to climate change locally, and to 
develop locally appropriate SVI factors. In the quantitative stage, a primary dataset approach 
is underpinned by application of a specifically-designed household survey questionnaire with 
xiv 
 
participation of 1,029 households in Quy Nhon city. The calculation of SVI at the fine-
grained local scale provides high resolution in vulnerability assessment, and also obviates the 
need for secondary data, which may be unavailable or problematic, particularly at the local 
scale in developing countries.  
The calculated SVI in this study is then used to propose adaptive strategies and specific 
actions for responding to climate change in Quy Nhon city. The research reveals inherent 
limitations of existing SVIs but also indicates the potential for their use in assessing social 
vulnerability and making decisions associated with responding to climate change at the local 
scale.
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CHAPTER 1. INTRODUCTION 
 
1.1 Background 
Vietnam, like many coastal developing countries, is facing severe threats from global climate 
change, and has limited resources to respond. Limitations include the strength of governance 
and policy frameworks from federal to local levels, and the community capacity to both 
mitigate and adapt.  
Currently, concepts such as “adaptive capacity” are not well understood by decision-makers 
in Vietnam (Chaudhry & Ruysschaert 2007). Indeed, this is a problem in many countries 
where climate change is seen as a scientific problem to be solved by technology and 
engineering. Technology and engineering expertise are important for improving energy 
efficiency and other ways of reducing greenhouse gas emissions (GHG) to promote climate 
change mitigation (IPCC 2007). However, many of the climate change threats to Vietnam and 
other similar countries cannot be solved through technology-based solutions alone. Rather, 
the pressing problems of increasing extreme weather events, typhoons, storm surges, and 
flooding – as occurs on the Vietnam central coast – need to be addressed through climate 
change adaptation involving social as well as technical systems. Adaptation may involve 
technical solutions such as sea walls and levees to control the effects of storm surges and 
flooding brought about by climate change, however adaptation is also a social process (Smith 
et al. 2001). It is an ontological starting point of this thesis that reducing climate change social 
vulnerability through adaptation requires enhancement of the adaptive capacity of 
communities. 
Vulnerability is an emerging concept for climate science and policy (Fussel & Klein 2006) 
and there are many different definitions of vulnerability (Cutter 1996; Brooks 2003). Some 
researchers concentrate on either physical or social vulnerability, whereas others mention both 
(Brooks 2003). Among the vulnerability classifications, social vulnerability is the aspect 
investigated by most authors (Cuevas 2011). Social vulnerability, accordingly, provides a 
more comprehensive framework for hazard research than physical vulnerability (Lee 2014). 
One view is that social vulnerability approaches have the highest benefits and lowest 
uncertainties compared to other approaches (Jha, Bloch & Lamond 2012). McCarthy et al. 
(2001) advocate that adaptive capacity in natural systems tends to be more limited than 
2 
 
adaptive capacity in human systems. These concepts are also appropriate to the context of 
Vietnam and other developing countries, where technical and financial resources are very 
limited. 
A social vulnerability index (SVI) approach is best viewed as an algorithm for quantifying 
social vulnerability (Schmidtlein et al. 2008). It can be used to quantify variations in key 
aspects of climate adaptive capacity over time and across space (Cutter & Finch 2008). 
Therefore, an SVI helps researchers and decision-makers understand social dimensions of 
vulnerability in the context of climate change, and at different scales. It can be used to 
identify areas for action or intervention, and to test the potential impact of a program or policy 
by varying the value of the indicator that is expected to change, and then recalculating the 
overall vulnerability index. Moreover, an SVI might be used to project future vulnerability 
under different climate change scenarios (Vincent 2004; Hahn, Riederer & Foster 2009). An 
understanding of procedures and various measurement methodologies of social vulnerability 
could help planners and emergency managers in making priority choices to reduce 
vulnerability and consequent disaster impacts (Adger et al. 2004).  
An SVI can assist local decision-makers pinpoint those factors that threaten the sustainability 
and stability of the local community. The development and integration of social, built 
environment, and natural hazard indicators into an SVI can improve our hazard assessments 
and justify the selective targeting of communities for mitigation based on good social science, 
not just political whim (Cutter, Boruff & Shirley 2003). Thus, the SVI approach is an 
appropriate means to support governance and policy frameworks in decision-making about 
climate change adaptation by providing a transparent assessment of vulnerability at the local 
scale, which can be used to design actions to build resilience to this climate change 
vulnerability. 
This study proposes an approach to social vulnerability assessment using empirical 
definitions, and a novel method to aggregate and account for causal relationships among 
components of an SVI. Using Quy Nhon city in Binh Dinh Province on the central coast of 
Vietnam as an example, the research develops, proposes, and applies an SVI that is suited to 
the context of climate change in Vietnam. To test geographic scale and sensitivity, the SVI 
will be calculated for some communes as well as for the whole of Quy Nhon city. Following 
the process of SVI calculation, adaptive strategies and specific actions for responding to 
climate change will be proposed. The research discusses and suggests applications of SVI in 
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decision-making in Vietnam. At all stages of the research, local experts and local community 
members are engaged. 
1.2 Research Aims and Objectives  
The goal of this research is to develop and assess the potential of SVI applications in 
decision-making about climate change at a local scale. To address this in two parts, this thesis 
has two linked aims: (1) to develop a proposed SVI; and (2) to apply the proposed SVI in a 
case study location, Quy Nhon city, and propose options for utilising the results in decision-
making about climate change responses at the local scale. Four research objectives have been 
developed to achieve these aims: 
 Aim 1. To develop a proposed SVI. 
Objective 1 – Propose a new SVI by posing the following three questions to guide 
development of the SVI:  
 What is the conceptual framework of an appropriate SVI? 
 What are the necessary SVI components?  
 How can the SVI components be aggregated?  
 Aim 2. To apply the SVI and propose decision-making applications. 
Objective 2 – Identify appropriate specific local factors for calculation of an SVI. 
Each locality has specific eco-socio-economic and climate change vulnerability 
characteristics. To apply the SVI in the case study for Quy Nhon city, factors 
within SVI components are systematically identified. These factors represent 
specific issues of Quy Nhon city, including natural disasters, socially sensitive 
aspects, and adaptive capacity. Specific indicators for each factor used for 
quantifying the SVI are then also systematically identified.  
Objective 3 – Calculate an SVI for the case study. To overcome limitations of 
secondary data-driven methods, this research uses primary data generated from a 
household questionnaire survey to calculate an SVI. Therefore, a detailed 
questionnaire survey protocol is required. The collected data are validated through 
statistical techniques.  
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Objective 4 – Propose options for utilising the results in decision-making about 
climate change responses at the local scale. Implications for policy and actions are 
based on the calculated SVI of Quy Nhon city. Other policy-based SVI 
applications are also proposed and discussed.  
1.3 Research Scope  
Climate change is a major global issue. As discussed in Section 1.1, vulnerability comprises 
two components – social and physical. The social dimensions of vulnerability are the focus of 
this study. 
A range of SVI-related concepts exist. The proposed SVI in this study comprises the three 
main components of exposure, sensitivity, and adaptive capacity. This selection is closely 
based on the definition of McCarthy et al. (2001), as used in the Third Assessment Report of 
the International Panel on Climate Change (IPCC) in 2001, and re-confirmed in its Fifth 
Assessment Report in 2014. The SVI also follows the direction of attempts to build SVIs in 
several recent studies (Shah et al. 2013; Ahsan & Warner 2014; Morzaria-Luna, Turk-Boyer 
& Moreno-Baez 2014). 
The research uses Quy Nhon city as a case study. Issues related to climate change and social 
vulnerability of Quy Nhon city are therefore central to the research. However, an important 
outcome is that a generic process is developed and demonstrated whereby an SVI can be 
calculated for any locality, involving site-specific engagement and data collection. The 
assessments and suggestions within this study on factors of the SVI are mostly based on 
perspectives of local experts, decision-makers, and residents. Furthermore, the research 
conducts a household questionnaire survey in some communes in Quy Nhon city to obtain 
primary data for calculating the SVI. The main researcher of this study is an “insider”, a local 
resident working for a local authority associated with environment and climate change 
management.  
1.4 Methodology 
The goal of this research is to develop and assess the potential of SVI applications in 
decision-making about climate change. As the central tool applied in this thesis, SVI 
construction involves both qualitative/conceptual and quantitative/numerical methods. Each 
method has distinctive advantages and disadvantages. A mixed methods approach is 
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developed as a means to minimise disadvantages and maximise advantages overall. The 
research is divided into four phases in line with the four objectives introduced earlier. 
Phase 1 develops and proposes a suitable SVI formula. The key function of this phase is to 
review theories of social vulnerability and SVI based on previous studies in order to inform 
an SVI that is appropriate to the context of this study. Therefore, the main method employed 
in this phase is literature review.  
Phase 2 focuses on operationalizing the SVI for the case study. Three techniques – a Delphi 
survey, interviews of key informants, and focus group discussion – are employed to identify 
the appropriate factors of the SVI. Content analysis and statistical techniques are used to 
analyse data from these survey and interviews. 
The main purpose of Phase 3 is to calculate the SVI for the case study. Data for the SVI 
calculation is collected through a household questionnaire survey. Statistical techniques using 
SPSS software are used to measure reliability and analyse data from this survey.  
The focus of Phase 4 of the research is to examine policy implications from the case study. In 
this phase, a literature review and outputs of the SVI process are used as the basis for 
suggesting adaptive strategies and actions. 
1.5 Research Contributions 
This study contributes to the growing body of research on vulnerability to climate change in 
four ways: 
• It creates new knowledge about vulnerability to climate change in Quy Nhon city that 
directly utilises local community perspectives. 
• It contributes to the growing academic field of climate vulnerability assessment by 
developing and proposing a new mechanism to aggregate and account for associative 
relationships among SVI components. 
• It operationalizes the idea of the SVI and the methods for incorporating local 
community perspectives. 
• It allows for speculation on application of the SVI in decision-making processes 
concerning climate change adaptation. 
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The research is conducted in the context of a coastal city in central Vietnam, and practical 
outcomes include: 
• Improved knowledge of – and capacity to manage – climate change for the community 
and stake holders through participation in the study. 
• Practical insights on climate vulnerability in central Vietnam upon which policy and 
program-makers can draw. 
• A tested and detailed method and procedure for building an SVI which is appropriate 
to the case study, and may be expected to have wider applications. 
• An assessment of practical application opportunities and prospects of an SVI. 
• A specific community-based policy framework proposed for Quy Nhon city to 
respond to climate change by addressing social vulnerability factors. 
1.6. Outline of Thesis  
The remainder of this thesis consists of six chapters as follow: 
Chapter 2 – Literature review 
A background to climate change issues in Vietnam and Quy Nhon city is presented. Concepts 
closely associated with vulnerability to climate change are reviewed, including social 
vulnerability, exposure, sensitivity, and adaptive capacity. A detailed literature review of SVI 
is also included. The background and literature review are used as the basis to propose a new 
approach to measuring SVI. 
Chapter 3 – Research Design and Methods 
The research design and methods employed in this research are presented. The chapter 
contains details of aims, phases and tasks. The methods used for data collection and analysis 
are also described in detail along with ethical and political considerations. 
Chapter 4 – SVI establishment 
The outputs of Phase 2 are presented in which outcomes of three data collection techniques – 
including a Delphi survey, a key informant interview and two focus group discussions – are 
analysed and discussed in order to obtain a list of key factors and indicators related to climate 
change in Quy Nhon city, which are used in Chapter 5 to calculate the SVI for Quy Nhon city. 
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Chapter 5 – SVI calculation and policy implications 
This chapter has two main parts. The first presents the result of a household questionnaire 
survey conducted in order to collect primary data for SVI calculation. The collected data was 
validated using statistical techniques. Based on these data, the SVI of five communes as well 
as the whole of Quy Nhon city are calculated and analysed. In the second part of the chapter, 
policy implications with adaptive strategies and actions for responding to climate change in 
Quy Nhon city are proposed. 
Chapter 6 – Discussion 
Three aspects of the research, including contribution to knowledge, limitations, and further 
work, are discussed. Based on these aspects, four key elements of the research are explored. 
They are the proposed SVI, the research design and methods, the outputs of SVI calculation, 
and the applications for the SVI.  
Chapter 7 – Conclusion 
This chapter concludes the thesis with main findings of the research, which are listed 
simultaneously with the research objectives and steps. The research contributions are 
clarified. 
 
This thesis also contains five appendices: 
 Appendix A contains the outputs of Round 1 - Delphi survey. 
 Appendix B contains the outputs of Round 2 and Round 3 - Delphi survey. 
 Appendix C contains the outputs of In-depth interviews. 
 Appendix D contains the Household questionnaire. 
 Appendix E contains the outputs of Chi-square test. 
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CHAPTER 2. LITERATURE REVIEW 
 
2.1. Climate Change Context 
2.1.1. Climate change 
The Fourth Assessment Report of Intergovernmental Panel on Climate Change (IPCC 2007) 
reaffirmed that climate change is one of the most serious problems that humankind must face 
in the twenty-first century. It demonstrates that global warming will accelerate in the future, 
and the best estimates indicate that the earth could warm by 3ºC by 2100 under a “business as 
usual” scenario. There is an imperative to reduce greenhouse emissions and a reality that, 
even if countries reduce their greenhouse gas emissions, the Earth will continue to warm for 
many decades to come due to greenhouse gas pollution already emitted. 
Future emissions are the product of complex interacting system driven by population change, 
socio-economic development, and technological change. All of these are highly uncertain, 
especially when extended as far as the year 2100 (Pittock 2009). Consequently, research on 
assessing impacts of climate change should be based on a range of composite scenarios. 
Sea levels rose by 0.17 metres during the twentieth century. By 2100, the sea level is expected 
to rise between 0.18 and 0.59 metres (IPCC 2007). In addition, even relatively small average 
temperature increases will see expected rises in the type, frequency, and intensity of extreme 
events, such as tropical cyclones (including hurricanes and typhoons), floods, droughts, and 
heavy precipitation events. Climate change will have wide-ranging effects on the 
environment, and on socio-economic and related sectors, including water resources, 
agriculture and food security, human health, terrestrial ecosystems and biodiversity, and 
coastal zones (UNFCCC 2007). 
All countries will be affected by climate change. The most vulnerable – the low-lying, 
climate-changed, poorest countries and populations – will suffer earliest and most severely, 
even though they have contributed least to the causes of climate change (Stern 2007). Climate 
change is projected to impinge on the sustainable development of most developing countries 
in Asia, as it compounds the pressures on natural resources and the environment associated 
with rapid urbanisation, industrialisation, and economic development (IPCC 2007). 
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The overall costs and risks of climate change will be equivalent to losing at least 5% of global 
GDP each year, now and forever, if concerned action is not undertaken. Countries facing 
diverse circumstances will use different approaches to make their contribution to tackling 
climate change. However, action by individual countries is not enough. Each country, 
however large, is just a part of the problem. It is essential to create a shared international 
vision of long-term goals, and to build the international frameworks that will help each 
country to play its part in meeting these common goals (Stern 2007). 
2.1.2. Climate change in Vietnam 
Vietnam is a coastal country, located in South East Asia with 320,000 km2 of land area and 
3,260 km of coastline. Vietnam has a tropical monsoon climate, although regional climate 
variations are considerable due to the north-south length of the country and its diverse 
topography. Annual mean temperature ranges between 18ºC to 29ºC and annual rainfall 
ranges between 1,400 mm and 2,400 mm. Vietnam is located in an area seriously affected by 
typhoons and tropical cyclones in the north-west Pacific Ocean. On average, four or five 
typhoons/tropical cyclones affect Vietnam each year (MONRE 2003). 
The impacts of climate change are beginning to be felt. For example, annual average 
temperature increased by 0.1ºC between 1900 and 2000 (Hoang & Tran 2006). Rainfall is 
decreasing in most of the country in July and August (the dry season) and increasing in the 
wet season in September, October, and December (MONRE 2003). Rainfall intensity is also 
increasing considerably (Nguyen 2006b). The number of typhoons that Vietnam experienced 
increased between the 1950s and the 1980s but subsequently decreased in the 1990s. 
However, the peak month of typhoon landfalls has shifted from August in the 1950s to 
November in the 1990s. As a result, considerable uncertainty exists about the expected 
frequency of typhoons in the coming century (EU/MWH 2006). Sea levels around Vietnam 
increased by 5 cm between the 1960s and the 1990s (UNEP 1993). 
A report on climate change and sea level rise scenarios for Vietnam (MONRE 2011) predicts 
that, by the late twenty-first century, the average temperature in Vietnam will increase by 
about 2.3°C. Rainfall in the rainy season will continue to increase, but will decrease in the dry 
season. Sea levels may rise by 65 cm to 100 cm, compared to the average for the period 1980-
1999. If no adaptation measures are taken and sea levels rise by 1 m (which is Vietnam’s 
planning parameter), about 39% of Cuu Long (Mekong Delta), 10% of the Red River Delta 
and more than 2.5% of the other provinces in coastal areas face increased risk of flooding. 
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The perception of climate change held by the main policymakers and the leadership in 
Vietnam has shifted in recent years. The Vietnam Government recognised the threat posed by 
human-induced climate change by ratifying the UNFCCC in 1994 and the Kyoto Protocol in 
2002 (Chaudhry & Ruysschaert 2007). Today, climate change is considered one of the most 
serious challenges facing the country. A resolution of the 11th National Congress of the 
Communist Party (adopted in January 2011) stated that climate change would seriously affect 
Vietnam. The Government has gradually strengthened the legal framework on climate change, 
disaster risk reduction, cleaner production, and energy use and efficiency. The National 
Strategy for Natural Disaster Prevention, Response and Mitigation to 2020 was approved in 
2007, and in 2008 the National Target Programme to Respond to Climate Change was issued. 
Recently, the National Climate Change Strategy was issued in December 2011 (UNDP 2011). 
In early 2006, the Ministry of Natural Resources and Environment’s International Support 
Group on Natural Resources and Environment (ISGE) established a climate change adaptation 
working group, which provides a forum for dialogue and should promote coordination for 
climate change adaptation measures.  
Vietnam already had an extensive, long-standing institutional response system for natural 
disasters such as floods and typhoons, reflecting the country’s vulnerability to these events. 
Disaster risk management activities are coordinated primarily by the Central Committee for 
Flood and Storm Control (CCFSC), founded in 1955 and chaired by the Minister of 
Agriculture and Rural Development. The Natural Disaster Mitigation Partnership (NDM-P) is 
made up of government, NGOs, and donors to promote dialogue and common ways of 
working, and to support coordination for implementation of the Second National Strategy and 
Action Plan for Disaster Mitigation and Management. This strategy prioritises increased 
awareness-raising and participation, minimising loss of life and assets, and the importance of 
co-existence with floods in situations which demand it (Chaudhry & Ruysschaert 2007). 
Nonetheless, Vietnam’s ability to reduce its vulnerability to climate change impacts, including 
extreme events, is currently limited (ACCCRN 2009). The Second National Strategy is 
designed principally to address short-term climate extremes rather than future climate change 
and, thus, focuses on emergency response and reconstruction, rather than risk prevention and 
adaptation. The National Target Programme to Respond to Climate Change in Vietnam has 
encouraged all provincial governments to develop provincial action plans for climate change 
adaptation. However, at the smaller district or city scale, such action plans do not exist 
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because of lack of official guidance from national authorities and limitations of local 
resources. 
2.1.3. Climate change in Quy Nhon city 
Quy Nhon is the capital city of Binh Dinh Province in central Vietnam, and is located just 
south of the Ha Thanh River, with 286 km2 in general area, and 55.6 km in coastal length. 
Quy Nhon is home to about 300,000 people (see Figure 2.1). The city is primarily built on 
low-lying coastal land with mountains running alongside the entire western edge of the city, 
constraining its expansion. The city experiences considerable diurnal tidal variation 
(ACCCRN 2009). 
Quy Nhon’s climate is tropical, with an average monthly maximum temperature of 32.5°C 
from March to September. Approximately 80% of the annual rainfall is during the months of 
September to January and is associated with the northeast monsoon. The primary rain 
producing systems within this monsoon period are tropical depressions and typhoons 
(ACCCRN 2009).  
            
Figure 2.1 Maps of Quy Nhon city (Google Maps) 
(a) Location of Quy Nhon city; (b) Boundary of Quy Nhon city (pink line) 
All areas in Quy Nhon city are currently affected by flood risks, particularly the peninsula and 
coastal areas and along the banks of Thi Nai lagoon. Flash floods and river flooding, both 
originating in the mountains on the western side of the city, are frequent during the rainy 
Quy Nhon  
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season. During storm-related flooding, the city often also experiences storm surges and sea 
flooding along the coastline, leading to inundation of portions of the city from two sides. Sea 
level rise and a projected increase in the frequency and intensity of storms will exacerbate 
flooding hazards in the city. Sea level rise will also intensify saline intrusion and erosion 
issues. During the dry season, various urban sectors and populations are disproportionately 
affected by heat waves and drought conditions. Projected increases in drought and prolonged 
high temperatures will impact agriculture, increase forest fire risk in forested areas, and may 
impact city water supply (ACCCRN 2009). 
According to a report on climate change scenarios for Quy Nhon city (IMHEN 2009b), the 
average temperature in all months and seasons will increase by an average 1.5ºC by 2050. In 
line with the national trends described above, by 2050 rainfall will decrease by about 14.5 mm 
in the dry season and increase about 82.2 mm in the rainy season, with a predicted sea level 
rise of about 30 cm. This will increase the area of annually inundated land by about 1.47 km2 
(approximately 0.8% general area of the city). The number of people in Quy Nhon city who 
will be affected directly by flooding will double by 2050, and increase again by 300-400 
percent by 2100 depending upon three scenarios of sea level rise introduced by (IPCC 2007) 
(see Table 2.1). 
Table 2.1 Future scenarios of people living in flood areas in Quy Nhon city 
(Adapted from IMHEN 2009) 
Unit: person 
Scenarios 2020 2050 2070 2100 
Low emission scenario (B1) 29,707 41,995 67,194 135,469 
Moderate emission scenario (B2) 29,743 42,155 68,271 140,904 
High emission scenario (A1F1) 29,770 42,749 70,702 149,682 
Climate change is already impacting on the socio-economic system of Quy Nhon city. In 
2008, there were 2,699 poor households in the city (about 4.45% of the total population). 
These are the most vulnerable people in regards to climate change. The migration of rural 
people to the city is increasing due to multiple factors, especially urbanisation and the impact 
of climate change on the rural areas. Quy Nhon city is also facing severe environmental 
problems related to storm flooding, the pollution of groundwater, difficulties with solid waste 
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management, and increasing disease epidemics. The basic infrastructure of transportation, the 
electricity system, and the water-supply system are also considerably influenced by climate 
change (IWE 2009). The accumulated impacts of these trends upon different social groups are 
presented in Table 2.2. 
Table 2.2 Climate change elements and their vulnerable groups in Quy Nhon city  
(Adapted from IMHEN 2009) 
Climate change element Vulnerability group 
Group of people  Socio-economic aspects 
 
Typhoon 
with 
heavy rain 
and rising 
tide 
 
Beach 
erosion 
Fishermen 
Poor people 
Fishing 
Infrastructure (houses, public 
buildings, sea-dike system) 
 
Flood 
Poor people 
Old and young people 
Disabled people 
Illegal immigrants  
Salt workers 
Agriculture 
Aquaculture 
Infrastructure (transportation, drainage 
system, sea and river dyke system) 
Salt production 
 
Pollution 
Young and old people 
Illegal immigrants  
People living near drainage-lakes 
Water supply system 
Epidemic 
Overusing landfill 
 
Saline intrusion 
 
 
Farmers 
People relying on aquaculture 
People using direct underground water 
as a main water supplement  
Agriculture 
Aquaculture 
Water supply system 
 
 
Temperature rise 
Young and old people 
Poor people 
Disabled people 
People relying on aquaculture  
Agriculture 
Aquaculture 
Water supply system 
 
Drought 
Poor people 
Farmers 
Agriculture 
Aquaculture 
Water supply system 
Table 2.2 illustrates the widespread geographic and social risks of climate change, however a 
report on vulnerability and climate change impacts in Quy Nhon city (IWE 2009) argues that 
the city has no special institutions or organisational structures for responding to climate 
change. Limited urban infrastructure, financial resources, and public awareness of climate 
change also increase vulnerability and reduce adaptive capacity in the city. Thus, there is an 
urgent need to develop a policy and action framework for building climate change adaptive 
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capacity to reduce vulnerability in Quy Nhon city. However, there is a lack of supporting 
tools with sufficient rigour, validity, and practical applicability. In this context, an SVI may 
be an appropriate tool to address this gap. Moreover, the selection of Quy Nhon city in this 
study is suitable with two other reasons that will be explained in the following sections. 
Firstly, a city is appropriate scale to test a SVI model. Secondly, use of primary data in the 
SVI model is necessary because of unavailability of secondary data in this city as well as 
other cities in Vietnam and developing countries. 
2.1.4. Research on climate change in Vietnam and Quy Nhon city 
The World Bank points out that Vietnam is one of the five countries in the world which has 
experienced the biggest losses from the impact of climate change (Dasgupta et al. 2007). 
Thus, the perception of climate change by the main policymakers and the leadership in 
Vietnam has shifted and, in recent years, research activities focusing on climate change issues 
have expanded. Most of the official research of MoNRE, a representative body for the 
Vietnamese government on climate change, is concentrated on developing scenarios 
associated with climate change and sea level rise (MONRE 2009; MONRE 2011), while 
vulnerability assessments are often done by international organisations such as the World 
Bank and UNDP, or in collaborative programs between the Vietnamese government and 
international organisations (ACCCRN 2009; WB 2010; UNDP 2011). Almost all research on 
climate change in Vietnam concentrates on areas inside the Hong and Mekong river deltas, in 
the north and south of Vietnam, because of their well-known high levels of vulnerability to 
climate change, especially to sea level rise. However, the central coastal areas with specific 
susceptibilities have been relatively neglected in this regard. 
Some research related to the social dimensions of climate change has been undertaken in 
Vietnam. The most notable early research was by Adger (Adger 1999; Adger 2000). He 
identified social factors such as poverty, resource dependency, inequality, and levels of social 
resilience and institutional effectiveness as significant contributions to vulnerability. The 
World Bank took note of the research in developing social dimensions of adaptation to 
climate change in Vietnam in 2010 (WB 2010). This research explored key socioeconomic 
and biophysical zones of vulnerability and assessed the existing policy and institutional 
framework for adaptation at the national, regional, and local levels. It also proposed scenarios 
for different adaptation pathways for the future. Other research on social vulnerability to 
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climate change in Vietnam mentions factors such as sustainability, poverty reduction (Viner 
& Bouwer 2006; Chaudhry & Ruysschaert 2007), and health risk (Few & Tran 2010). 
Several projects on climate change have been sponsored by international organisations in Quy 
Nhon city since 2008. For example, the Rockefeller Foundation’s Asian Cities Climate 
Change Resilience Network Vietnam (ACCCRN), has implemented research on climate 
change in Quy Nhon city, including establishing scenarios of climate change and sea level 
rise, assessing vulnerability to climate change, and proposing a climate change resilience 
action plan for the city (Tien et al. 2010; IWE 2009; IMHEN 2009a). The Challenge to 
Change organisation and Binh Dinh Province’s Department of Natural Resource and 
Environment conducted an investigation on assessing hazards, adaptive capacity and 
vulnerability for building resilience to climate change in Quy Nhon. In this research, social 
factors such as gender, livelihood, health, and education were mentioned (CTC–DONRE 
2009). However, this investigation was carried out in only two wards of Quy Nhon city. 
Previous research on climate change adaptation in Quy Nhon has been limited in scope and 
breadth. The purpose of this study is to contribute a more comprehensive way to assess the 
social vulnerability of Quy Nhon city and support decision-making for responding to climate 
change. 
2.2. Vulnerability to Climate Change 
2.2.1. Definition 
Vulnerability is an emerging concept for climate science and policy (Fussel & Klein 2006) 
and there are many different definitions (Cutter 1996). Some researchers concentrate on either 
physical vulnerability or social vulnerability, whereas others mention both (Brooks 2003). 
Vulnerability can be explained by a combination of social factors and environmental risks, 
where risks are those physical aspects of climate-related hazards exogenous to the social 
system. Vulnerability to climate change involves changes in these parameters over time 
(Adger 1999).  
According to the third report of the IPCC 2001, vulnerability to climate change is: 
the degree to which a system is susceptible to, or unable to cope with, adverse 
effects of climate change, including climate variability and extremes. 
Vulnerability is a function of the character, magnitude, and rate of climate 
variation to which a system is exposed, its sensitivity, and its adaptive capacity. 
(McCarthy et al. 2001) 
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This definition is represented in Figure 2.2. In this definition, “exposure” is understood as “the 
nature and degree to which a system is exposed to significant climatic variations”, while 
“sensitivity” is “the degree to which a system is affected, either adversely or beneficially, by 
climate-related stimuli” (McCarthy et al. 2001). Adaptive capacity comprises the resources 
and capabilities that a society or community can bring to the task of reducing risk and 
vulnerability, including physical, institutional, social, and economic means, as well as skilled 
personal and collective attributes such as leadership and management (UNISDR 2004). 
Vulnerability, according to this opinion, includes an external dimension, which is represented 
here by the “exposure” of a system to climate variations, as well as an internal dimension, 
which comprises its “sensitivity” and its “adaptive capacity” to these stressors (Fussel & Klein 
2006). 
 
 
Figure 2.2 Conceptual framework of vulnerability to climate change 
(Adapted from McCarthy et al. 2001) 
Figure 2.3 illustrates the key terms associated with vulnerability to climate change. A system 
which has both exposure and sensitivity to climate change will become a potentially 
vulnerable system. Moreover, exposure and sensitivity determine the magnitude of potential 
impact on a system. Adaptive capacity refers to the resilience of the system, which is built via 
adaptive activities to cope with, and manage, this impact or to reduce vulnerability. Therefore, 
in this set of definitions, vulnerability will be a function of potential vulnerability and adaptive 
capacity. 
Exposure Sensitivity 
Potential 
Vulnerability 
 
Adaptive capacity 
Vulnerability 
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Figure 2.3 Conceptual framework of vulnerability to climate change 
(Adapted from Wongbusarakum and Loper 2011) 
Figure 2.4 provides a further attempt to represent the relationship between key terms in 
vulnerability to climate change, this time drawn from Fussel & Klein (2006). 
 
Figure 2.4 Conceptual framework for an adaptation policy assessment 
(Adapted from Fussel and Klein 2006) 
 
Exposure  
The nature and 
degree to which a 
system is exposed 
to significant 
climatic variations. 
Sensitivity  
The degree to which 
a system is affected, 
either adversely or 
beneficially, by 
climate-related 
stimuli. 
Potential 
Vulnerability 
 
Vulnerability 
Adaptive Capacity  
The ability of a system 
to adjust to climate 
change to moderate 
potential damages, to 
take advantage of 
opportunities, or to 
cope with the 
consequences. 
Adaptation 
The 
adjustment in 
natural or 
human 
systems in 
response to 
actual or 
expected 
climatic 
stimuli or their 
effects, which 
moderates 
harm or 
exploits 
beneficial 
opportunities. 
Exposure 
To climatic stimuli 
Sensitivity       
To climatic stimuli 
 
Impacts  
of climate change 
Vulnerability 
Adaptive   
capacity 
Implementation 
Facilitation 
Adaptation 
Effect of human actions 
Functional relationship 
Physical cause-effect relationship 
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In this model, impacts can be understood as consequences of climate change on natural and 
human systems. Depending on the consideration of adaptation, one can distinguish between 
potential and residual impacts. Adaptive capacity is the ability of a system to adjust to climate 
change (including climate variability and extremes) to moderate potential damage, to take 
advantage of opportunities, or to cope with the consequences. Two types of adaptation 
activities are distinguished in Figure 2.4. Facilitation refers to activities that enhance adaptive 
capacity, such as scientific research, data collection, awareness raising, capacity building, and 
the establishment of institutions, information networks, and legal frameworks for action. 
Implementation refers to activities that actually avoid adverse climate impacts on a system by 
reducing its exposure or sensitivity to climatic hazards, or by moderating relevant non-
climatic factors (Fussel & Klein 2006). 
2.2.2. Components of vulnerability 
Varying approaches reflect complexity in conceptions of vulnerability and its relevant 
elements (Cutter 1996; Brooks 2003). Most authors use the classical definition proposed by 
McCarthy et al. (2001), in which vulnerability is a function of exposure, sensitivity, and 
adaptive capacity. Exposure is understood as “the nature and degree to which a system is 
exposed to significant climatic variations”; sensitivity is “the degree to which a system is 
affected, either adversely or beneficially, by climate-related stimuli”; and adaptive capacity is 
“the ability of a system to adjust to climate change (including climate variability and 
extremes) to moderate potential damage, to take advantage of opportunities, or to cope with 
the consequences”. Simultaneously with different specific approaches, authors propose 
different explanations of the components of vulnerability. For example, Yohe & Tol (2002) 
denote exposure and sensitivity as vectors and adaptive capacity as a scalar; Vincent (2004) 
suggests that exposure can be translated into a hazard depending on the nature of the 
vulnerability, and that biophysical and social vulnerability is the sensitivity of the natural and 
human environment; whereas Brooks (2003) refers to adaptive capacity as the potential 
adaptation per unit time based on existing conditions, and adaptation as representing a 
reduction in vulnerability. Notably, all these explanations offer general descriptions which 
need to be defined in detail in order to make a quantitative assessment. 
Vulnerability to climate change is a function of interactions among its main components. 
Thus, any attempt to quantify social vulnerability must indicate mathematically relative and 
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causal relationships among these components. A range of potential relationships has been 
proposed between vulnerability or social vulnerability in the literature (see Table 2.3). 
Table 2.3 Relationships between vulnerability and its relevant components 
Equation References 
(1)          V = f(E,S,AC) Adger (2003) 
(2)          V = (E – AC)*S   Hahn, Riederer & Foster (2009) 
(3)          V = (E + S) – AC  Morzaria-Luna, Turk-Boyer & Moreno-Baez (2014) 
(4)          V = f[E(AC);S(AC)]   Yohe & Tol (2002) 
(5)          Vt = V0 - ∫ACdt   Brooks (2003) 
(6)          V =  –S – 0.5*AC   Yoo, Hwang & Choi (2011) 
(7)           V = (E * S)/R   Balica, Wright & Meulen (2012) 
Where: V: Vulnerability; E: Exposure; S: Sensitivity or Susceptibility; AC: Adaptive capacity; R: 
Resilience; Vt: Vulnerability at time t; V0: Current vulnerability 
The differences in these equations derive from the differences in approaches, contexts, and 
priorities in the material they draw upon. Similar to the definition by the IPCC 2001, Adger 
(2003) suggested an equation which represented the relationship V = f(E,S,AC). This equation 
suggested that vulnerability can be estimated from three main components; exposure, 
sensitivity, and adaptive capacity. Hahn, Riederer & Foster (2009) focused on livelihood 
vulnerability, and recommended the Equation 2: V = (E – AC)*S. In the third equation, V = (E 
+ S) – AC, Morzaria-Luna, Turk-Boyer & Moreno-Baez (2014) calculated social indicators of 
vulnerability for fishing communities basing on the three main components. In the fourth 
equation V = f[E(AC);S(AC)], Yohe & Tol (2002) denoted V, E and S as vectors, while AC 
was uniquely represented as a “scalar” measure, because they believed it could serve as an 
aggregate measure of the potential to cope. They argued that it was reasonable to expect that 
vulnerability would, at least eventually, increase monotonically with exposure and sensitivity 
at increasing rates. It was also arguably likely that exposure and sensitivity would fall at 
decreasing rates with higher adaptive capacity. 
Brooks (2003) focused on the important issue of time to distinguish between current and 
future vulnerability. He assumed that adaptation was a function of adaptive capacity only. In 
other words, all a system’s adaptive capacity could be realised as adaptation because it was a 
basic element of reducing vulnerability. Equation (5) Vt = V0 - ∫ACdt described that any 
changes of adaptive capacity over time, therefore, can cause changes in vulnerability. 
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Yoo, Hwang & Choi (2011) also suggested Equation (6) to calculate a vulnerability index,                    
V= – S – 0.5*AC. Their research estimated vulnerability indices of 16 counties in the city of 
Busan, Korea. In this equation, there was no exposure (E) component. However, in reality, the 
researchers combined both exposure and sensitivity in the scope of S. 
Equation (7) V = (E * S)/R was proposed by Balica, Wright & Meulen (2012), and was built 
in the context of vulnerability to floods in coastal cities. The researchers argued that the 
indicators of exposure and susceptibility (or sensitivity) could be multiplied and then divided 
by the resilience indicators, because indicators representing exposure and susceptibility 
increased the flood vulnerability, and were therefore placed in the numerator. Resilience 
indicators decreased flood vulnerability and were thus part of the denominator. 
2.2.3. Adaptive capacity 
The term adaptation involves adjustments in ecological, social, or economic systems in 
response to actual or expected climatic stimuli and their effects (Smith et al. 2001). It includes 
adjustments to moderate harm from, or to benefit from, current climate variability as well as 
anticipated climate change. Adaptation is a process, involving specific actions (Leary, 
Adejuwon & Barros 2008). Adaptation is essential to cope with the climate changes and sea 
level rises that we cannot avoid now and in the near future, due to a century of accumulated 
greenhouse gases in the atmosphere (Pittock 2009). 
Adaptive capacity to climate change represents a variety of ways for reducing social 
vulnerability and, thus, reducing the risk associated with a given hazard (Brooks 2003). 
Adaptive capacity comprises the resources and capabilities that a society or community can 
bring to the task of reducing risk and vulnerability – including physical, institutional, social, 
and economic means – as well as skilled personal and collective attributes such as leadership 
and management (UNISDR 2004).  
Adaptive capacity is context-specific and varies from country to country, from community to 
community, among social groups and individuals, and over time. It varies not only in terms of 
its value but also according to its nature. Moreover, adaptive capacity varies significantly 
from system to system and region to region. Indeed, Burton et al. (2001) pointed out that the 
determinants of adaptive capacity include a variety of system, sector, and location-specific 
characteristics, including: 
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 The range of available technological options for adaptation. 
 The availability of resources and their distribution across the population. 
 The structure of critical institutions, the derivative allocation of decision-making 
authority, and the decision criteria that would be employed. 
 The stock of human capital including education and personal security. 
 The stock of social capital including the definition of property rights. 
 The system’s access to risk-spreading processes. 
 The ability of decision-makers to manage information, the processes by which these 
decision-makers determine which information is credible, and the credibility of the 
decision-makers, themselves. 
 The public’s perceived attribution of the source of stress and the significance of 
exposure to its local manifestations. 
At the local level, adaptive capacity can also be affected by such factors as managerial ability, 
access to financial, technological and information resources, infrastructure, the institutional 
environment within which adaptation occur, political influence, kinship networks, etc (Smit & 
Wandel 2006). 
Some researchers suggest adaptive capacity can be identified through livelihood capitals 
(Hahn 2009; WB 2010; Shah 2013). According to Ellis (2000), livelihoods comprise five 
capitals: natural, physical, human, social, and financial. The adaptive capacity of households 
or communities can be analysed through assessments of these capitals. 
According to the conceptual framework in Figure 2.3, any increase in the adaptive capacity of 
a system or community can reduce the vulnerability of that system to climate change risks  
(Smit & Pilifosova 2003). The recognition that extremes are part of climate change, and that 
improvements in adaptive capacity can be an effective means of reducing vulnerability to 
climate risks, has brought the climate change issue more predominantly onto the policy 
agenda of many countries (Downing 1991). 
Reducing vulnerability to climate change requires improving the capacity to adapt and/or 
reduce exposure. While there are opportunities for reducing exposure (e.g., development 
control or resettlement), in many countries these opportunities are often limited. Enhancing 
adaptive capacity then becomes a priority. Adaptation is less about identifying and 
implementing specific climate change adaptation measures and more about strengthening and 
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ongoing process, wherein resources are available to identify vulnerabilities, and employ 
adaptive management strategies appropriate for that context to deal with climate risks along 
other risks (Handmer, Dovers & Downing 1999). 
This means that tailoring adaptation to local needs requires some or all of the following 
actions (Smit & Pilifosova 2003): 
 Address real local vulnerabilities, so that stakeholders buy into the issue and are 
interested in reducing vulnerabilities of which they are well aware. 
 Involve real stakeholders early and substantively, so that any assistance is directed at 
known local vulnerabilities, and adaptation initiatives are realistic and designed to be 
consistent with existing institutions and decision processes. 
 Connect with local decision-making processes, so that adaptation initiatives are 
developed relative to other conditions, are “mainstreamed” to the extent possible, and 
have the best possible chance of actually being implemented. 
2.2.4. Assessments of vulnerability to climate change 
The degree of climate change vulnerability of an area is influenced by numerous factors, 
including: (1) magnitude of impacts, (2) timing of impacts, (3) persistence and reversibility of 
impacts, (4) likelihood (estimates of uncertainty) of impacts and vulnerabilities, and 
confidence in those estimates, (5) potential for adaptation, (6) distributional aspects of 
impacts and vulnerabilities, (7) importance of the system(s) at risk (IPCC 2007).  
Assessments of the vulnerability to climate change seek to provide information upon which 
policies for reducing the risks associated with climate change can be developed. There are 
many types of vulnerability assessments, ranging from strictly quantitative to semi-
quantitative, non-adaptive to perfectly adaptive, science-driven to policy-driven, and 
simplistic to sophisticated (Fussel & Klein 2006). However, there are two general types of 
assessment approaches: impact-led and vulnerability-led approaches. The impact approaches 
begin with the climate system scenarios and move through biophysical impacts towards socio-
economic assessment, and mainly focus on potential long-term impacts of climate change. On 
the other hand, vulnerability-led approaches commence with local scale by addressing socio-
economic responses to climate, and focus on adaptation with stakeholders’ involvement 
(Sahin & Mohamed 2010). 
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2.3. Social Vulnerability and Social Vulnerability Indices 
2.3.1. Social vulnerability  
Vulnerability can be divided into two general categories, physical or biophysical 
vulnerability, and social vulnerability. The term “biophysical” suggests both a physical 
component associated with the nature of the hazard and its first-order physical impacts, and a 
biological or social component associated with the properties of the affected system that act to 
amplify or reduce the damage resulting from these first-order impacts. Biophysical 
vulnerability is concerned with the ultimate impacts of a hazard event and is often viewed in 
terms of the amount of damage experienced by a system as a result of an encounter with a 
hazard (Brooks 2003).  
Social vulnerability is the risk of exposure or sensitivity of groups of people or individuals to 
stress as a result of the impacts of hazards events. Stress in the social sense encompasses 
disruption to a group’s or individuals’ livelihood and forced adaptation to the changing 
physical environment. Social vulnerability in general encompasses disruption to livelihoods 
and loss of security (Adger 2003). 
The nature of social vulnerability depends on the nature of the hazard. Social vulnerability can 
be used in a broad sense to describe all the factors that determine the outcome of a hazard 
event of a given nature and severity. Social vulnerability encompasses all those properties of a 
system – independent of the hazards to which it is exposed – that mediate the outcome of a 
hazard event (Brooks 2003). It is determined by factors such as poverty and inequality, 
marginalisation, food entitlements, access to insurance, and housing quality (Adger & Kelly 
1999). It also is affected by other factors, such as gender, ethnicity, religion, class, and age 
(Cutter 1995). 
Social vulnerability includes certain demographic and social characteristics that make some 
communities more vulnerable than others. Unlike biophysical vulnerability or other exposure 
indicators, social vulnerability or sensitivity is present independent of the hazard type or 
threat source. In other words, it is a pre-existing condition or an inherent property of 
individuals or existing communities, irrespective of the natural hazard of interest (Cutter & 
Finch 2008). 
The extent of sensitivity depends on the nature of the hazard to which the human system in 
question is exposed: although sensitivity is not a function of hazard severity or the probability 
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of occurrence, certain properties of a human system will make it more vulnerable to certain 
types of hazard than to others (Brooks 2003). 
Because of the dependence on the nature of the hazard, each hazard has some “specific” 
social vulnerability factors, for example water-borne diseases related to flood and children. 
Nevertheless, certain “generic” sensitivity factors such as poverty, inequality, health, access to 
resources, and social status are likely to determine the vulnerability of communities and 
individuals to a range of different hazards (Brooks 2003). The literature has identified a wide 
range of social vulnerability factors and related indicators for assessing the level of 
sensitivity.  
It is also helpful to disaggregate social vulnerability into the two distinct aspects of individual 
and collective vulnerability in order to clarify the scale and unit of analysis for assessments of 
social vulnerability. Individual vulnerability is determined by access to resources and the 
diversity of income sources, as well as by social status of individuals or households within a 
community. This is called “personal capital” in Figure 2.5. The collective vulnerability of a 
nation, region, or community is determined by its “capitals”, including institutional and 
market structures, such as the prevalence of informal and formal social security access to 
affordable, average income, and the availability of infrastructure, hospitals, warning systems, 
and disaster management plans and agencies (Adger 1999). 
Tapsell et al. (2010) provide a detailed analysis of these two aspects of social vulnerability in 
Figure 2.5. They indicate, for example, that low per capita income, a high level of people 
living beneath the poverty line and lack of economic diversification are indicators of 
economic causes of social vulnerability. It also shows that children, elderly, female headed 
households, illiteracy, unemployment, high family employment dependency ratios, and high 
levels of food insecurity lead to elevated levels of sensitivity to exposure to hazards such as 
climate-related extreme events. 
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Figure 2.5 The structuring of social vulnerability 
(Adapted from Tapsell et al. 2010) 
2.3.2. Social vulnerability indices 
There is no widely agreed definition of what should comprise an SVI. However, the following 
relative descriptions can help us understand its organising concepts. 
Vulnerability indicators are potentially useful tools for identifying and monitoring 
vulnerability over time and space, for developing an improved understanding of 
the processes underlying vulnerability, for developing and prioritizing strategies 
to reduce vulnerability, and for determining the effectiveness of those strategies 
(Rygel, O’sullivan & Yarnal 2006). 
Social vulnerability index can be used to effectively quantify variations in the 
relative levels of social vulnerability over time and across space (Cutter & Finch 
2008).  
The SVI approach “may be best viewed as an algorithm for quantifying social 
vulnerability, rather than as a simple numerical index. Via these approaches, 
social vulnerability index has consistently illustrated its value by revealing both 
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anticipated and unanticipated spatial patterns that conform to expert 
interpretations of social vulnerability” (Schmidtlein et al. 2008). 
The key points in these descriptions are: 
 SVI is proposed as an appropriate tool for quantifying social vulnerability. 
 SVI can be used to propose adaptive strategies to reduce social vulnerability. 
The idea of a Social Vulnerability Index was created by Cutter, Boruff & Shirley (2003) who 
examined the spatial patterns of social vulnerability to natural hazards at the county level in 
the United States in order to describe and understand the social burdens of risk. This was done 
by first finding social characteristics consistently identified within the research literature as 
contributing to vulnerability. These target variables were then used to identify a set of 42 
normalised independent variables that influenced vulnerability. The 42 variables were then 
entered into a principal components analysis (PCA), which identified 11 components which, 
together, could explain 76.4% of the variance in the original dataset, (Cutter, Boruff & Shirley 
2003). The social vulnerability index approach has been replicated in a number of studies in 
various geographic settings (Boruff & Cutter 2007), at various spatial scales (Cutter & Emrich 
2006), and in differing time periods (Cutter & Finch 2008). Indeed, the method may be best 
viewed as an algorithm for quantifying social vulnerability, rather than as a simple numerical 
index. 
Table 2.4 lists factors and their proxies (indicators) that are used in published studies in order 
to assess vulnerability, as well as social vulnerability, to climate change at different scales.
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Table 2.4 Climate change social vulnerability variables  
Factor Indicator Key reference 
Exposure Component 
Climate variability 
Temperature Average temperature in month Hahn, Riederer & Foster (2009), Heltberg & Bonch-Osmolovskiy (2011), Shah et al. (2013) 
 Range between maximum and minimum 
average temperature in month 
Hahn, Riederer & Foster (2009); Heltberg & Bonch-Osmolovskiy (2011)  
Frequency of extremely hot months (>300C) Heltberg & Bonch-Osmolovskiy (2011) 
Frequency of extremely cold months (<-100C) Heltberg & Bonch-Osmolovskiy (2011) 
Precipitation Total precipitation in month Hahn, Riederer & Foster (2009); Heltberg & Bonch-Osmolovskiy (2011), Shah et al. (2013) 
 Frequency of extremely dry months in the 
spring (less than 5 ml total precipitation) and 
summer (0 ml total precipitation) 
Heltberg & Bonch-Osmolovskiy (2011) 
Climate extreme 
Storms  Frequency of storm Cutter, Mitchell & Scott (2000), Boruff & Cutter (2007), WB (2010b), Su et al. (2015) 
 Storm surge height Wu, Yarnal & Fisher (2002), Rygel, O’sullivan & Yarnal (2006), Kleinosky, Yarnal & Fisher 
(2007), Bjarnadottir, Li & Stewart (2011), Balica, Wright & Meulen (2012) 
Storm wind-speed Cutter, Mitchell & Scott (2000), Wu, Yarnal & Fisher (2002), Bjarnadottir, Li & Stewart 
(2011), Su et al. (2015) 
People living in areas affected by storms Bjarnadottir, Li & Stewart (2011) 
Cyclones Frequency of cyclone Hahn, Riederer & Foster (2009), Balica, Wright & Meulen (2012)  
Tsunami Frequency of tsunami Boruff & Cutter (2007) 
Heatwave Degree of sensitivity to heat wave Yoo, Hwang & Choi (2011) 
Heavy rainstorm Degree of sensitivity to heavy rainstorm Yoo, Hwang & Choi (2011) 
Disasters Frequency of weather-related disasters Heltberg & Bonch-Osmolovskiy (2011) 
 
 
28 
 
Climate change consequence 
Floods Frequency of floods Clark et al. (1998), Cutter, Mitchell & Scott (2000), Wu, Yarnal & Fisher (2002), Brenkert & 
Malone (2005), Rygel, O’sullivan & Yarnal (2006), Kleinosky, Yarnal & Fisher (2007), Boruff 
& Cutter (2007), Hahn, Riederer & Foster (2009), WB (2010b), Yoo, Hwang & Choi (2011), 
Shah et al. (2013) 
 Flood area/total area Yoo, Hwang & Choi (2011) 
Number of people exposed to flood risk McCarthy et al. (2001), Giupponi, Giove & Giannini (2012) 
Salinity Area of saline areas WB (2010b) 
Sea level rise Mean water elevation Wu, Yarnal & Fisher (2002), Boruff, Emrich & Cutter (2005), Brenkert & Malone (2005), 
Rygel, O’sullivan & Yarnal (2006), Kleinosky, Yarnal & Fisher (2007), WB (2010b), Yoo, 
Hwang & Choi (2011), Balica, Wright & Meulen (2012) 
Landslide/flash flood Frequency of landslide/flash flood Boruff & Cutter (2007), WB (2010b)  
Droughts Frequency of drought Cutter, Mitchell & Scott (2000), WB (2010b), Hahn, Riederer & Foster (2009), Shah et al. 
(2013) 
 Duration of drought Su et al. (2015) 
Sensitivity Component 
Demographic characteristics 
Age Median age Cutter, Boruff & Shirley (2003), Oxfarm America (2009) 
 Under 5 Clark et al. (1998), Vincent (2004), Boruff & Cutter (2007), Kleinosky, Yarnal & Fisher (2007), 
Myers, Slack & Singelmann (2008), WB (2010b), Bjarnadottir, Li & Stewart (2011), Heltberg 
& Bonch-Osmolovskiy (2011), Holand, Lujala & Rød (2011), Siagian et al. (2014) 
Under 18 Cutter, Mitchell & Scott (2000), Wu, Yarnal & Fisher (2002) 
Over 60 Wu, Yarnal & Fisher (2002) 
Over 65 Cutter, Mitchell & Scott (2000), Myers, Slack & Singelmann (2008), Vincent (2004), 
Kleinosky, Yarnal & Fisher (2007), Boruff & Cutter (2007), Oxfarm America (2009), 
Bjarnadottir, Li & Stewart (2011), Heltberg & Bonch-Osmolovskiy (2011), Yoo, Hwang & 
Choi (2011), Lixin et al. (2014), Su et al. (2015), Oulahen et al. (2015) 
Over 67 Holand, Lujala & Rød (2011) 
Over 85 Azar & Rain (2007) 
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Gender Female Cutter, Mitchell & Scott (2000), Wu, Yarnal & Fisher (2002), Boruff & Cutter (2007), Oxfarm 
America (2009), WB (2010b), Bjarnadottir, Li & Stewart (2011), Ge et al. (2013); Siagian et al. 
(2014), Lixin et al. (2014), Guillard-Gonçalves et al. (2014), Oulahen et al. (2015) 
 Female-headed households Wu, Yarnal & Fisher (2002), Kleinosky, Yarnal & Fisher (2007), Oxfarm America (2009), 
Hahn, Riederer & Foster (2009), Bjarnadottir, Li & Stewart (2011), Shah et al. (2013), Siagian 
et al. (2014) 
Education Illiterate WB (2010b), Siagian et al. (2014), Lixin et al. (2014), Su et al. (2015) 
 Aged over 25 with less than 12 years education Bjarnadottir, Li & Stewart (2011) 
Aged over 15 with low education attainment Siagian et al. (2014) 
Adults without high school diplomas Kleinosky, Yarnal & Fisher (2007), Azar & Rain (2007) 
Occupation Unemployment Fekete, Damm & Birkmann (2010), Bjarnadottir, Li & Stewart (2011), Holand, Lujala & Rød 
(2011), Lixin et al. (2014), Su et al. (2015) 
 Employed in utilities, transportation, or 
communications 
Cutter, Boruff & Shirley (2003), Oxfarm America (2009) 
Population retired Boruff & Cutter (2007) 
Dependency ratio McCarthy et al. (2001) 
Health Life expectancy McCarthy et al. (2001), Brooks, Neil Adger & Mick Kelly (2005), Brenkert & Malone (2005)  
 Working population with HIV/AIDS Vincent (2004) 
Under 5 mortality rate Heltberg & Bonch-Osmolovskiy (2011) 
Food insecure Heltberg & Bonch-Osmolovskiy (2011) 
Special needs Hospitals per capita (Oxfarm America 2009) 
 Nursing home residents Oxfarm America (2009) 
 Population disabled Clark et al. (1998), Boruff & Cutter (2007), Kleinosky, Yarnal & Fisher (2007), Lixin et al. 
(2014) 
 Chronic illness Hahn, Riederer & Foster (2009), Shah et al. (2013) 
Socio-economic characteristics 
Economy Per capital income Cutter, Boruff & Shirley (2003), Oxfarm America (2009), Bjarnadottir, Li & Stewart (2011), 
Holand, Lujala & Rød (2011), Ge et al. (2013); Lixin et al. (2014), Oulahen et al. (2015)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
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 Poverty Clark et al. (1998), Adger & Kelly (1999), Vincent (2004), Kleinosky, Yarnal & Fisher (2007), 
Azar & Rain (2007), Myers, Slack & Singelmann (2008), Oxfarm America (2009), WB 
(2010b), Giupponi, Giove & Giannini (2012), Siagian et al. (2014) 
Lack of economic diversification WB (2010b) 
Rural/Urban Rural/Urban population Vincent (2004), Ge et al. (2013), Su et al. (2015), Oulahen et al. (2015) 
 Employed in natural resource extraction Oxfarm America (2009) 
Rural farm residents Oxfarm America (2009) 
Household depending on agriculture Heltberg & Bonch-Osmolovskiy (2011) 
Change in % urban population Vincent (2004) 
Immigrant New immigrants Clark et al. (1998), Kleinosky, Yarnal & Fisher (2007), WB (2010b), Su et al. (2015), Oulahen 
et al. (2015) 
Infrastructure and 
lifelines 
Housing without telephones Kleinosky, Yarnal & Fisher (2007) 
 Housing without vehicles Kleinosky, Yarnal & Fisher (2007), Azar & Rain (2007) 
Housing without electric lighting Siagian et al. (2014) 
People depending on public transit Kleinosky, Yarnal & Fisher (2007) 
Sanitation No access to clean water McCarthy et al. (2001), Brenkert & Malone (2005), WB (2010b) 
 Unprotected water source Heltberg & Bonch-Osmolovskiy (2011) 
Adaptive capacity 
Economy GDP McCarthy et al. (2001), Brenkert & Malone (2005), Haddad (2005), Fekete, Damm & Birkmann 
(2010) 
 Household consumption per capita Marshall et al. (2009), Heltberg & Bonch-Osmolovskiy (2011), Su et al. (2015) 
Households with livelihood diversification Marshall et al. (2009), Hahn, Riederer & Foster (2009), Heltberg & Bonch-Osmolovskiy (2011) 
Diversity in market products, placing and 
pricing 
Marshall et al. (2009) 
Market value of livestock assets Vincent (2007) 
Financial independence Yoo, Hwang & Choi (2011) 
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Urbanisation Growth in urban populations Vincent (2007) 
Health Health expenditure (% GDP) Vincent (2004), Vincent (2007) 
Number of hospital beds/population Yoo, Hwang & Choi (2011) 
Number of medical personnel/population Yoo, Hwang & Choi (2011) 
Number of staff in health centres/population Yoo, Hwang & Choi (2011) 
Number of general hospitals Yoo, Hwang & Choi (2011) 
Education Literacy McCarthy et al. (2001), Brenkert & Malone (2005)  
 Population with higher education Heltberg & Bonch-Osmolovskiy (2011) 
Investment in climate change education Marshall et al. (2009), Su et al. (2015) 
Awareness of climate change issues Wongbusarakum & Loper (2011), Yoo, Hwang & Choi (2011), Balica, Wright & Meulen 
(2012) 
Institution Households participating in presidential 
elections 
Heltberg & Bonch-Osmolovskiy (2011), Holand, Lujala & Rød (2011) 
 Households never or only rarely having to give 
bribes 
Heltberg & Bonch-Osmolovskiy (2011) 
Capacity to reorganise Marshall et al. (2009), Wongbusarakum & Loper (2011) 
Governance and leadership Wongbusarakum & Loper (2011), Yoo, Hwang & Choi (2011) 
Political rights Brooks, Neil Adger & Mick Kelly (2005) 
Government effectiveness Brooks, Neil Adger & Mick Kelly (2005) 
Civil freedom Brooks, Neil Adger & Mick Kelly (2005), Haddad (2005) 
Policy foundation Yoo, Hwang & Choi (2011) 
Infrastructure and 
lifelines 
Households can access public transport Clark et al. (1998) 
 Households with cars Clark et al. (1998) 
 Households/people with telephones Vincent (2004), Vincent (2007) 
 Households with radios or television Boruff & Cutter (2007) 
 Households cooking with electricity Boruff & Cutter (2007) 
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 Households lighting with electricity Boruff & Cutter (2007) 
 Public water services supply/population Yoo, Hwang & Choi (2011) 
 Population with sewage supply /population Yoo, Hwang & Choi (2011) 
 Groundwater usage/potential groundwater 
resources 
Yoo, Hwang & Choi (2011) 
 Drainage system Balica, Wright & Meulen (2012) 
Information Accessibility and use of climate information Marshall et al. (2009), Wongbusarakum & Loper (2011) 
Social networks Accessibility of formal and informal networks Marshall et al. (2009), Hahn, Riederer & Foster (2009); Wongbusarakum & Loper (2011)  
Equity Income equity Brenkert & Malone (2005) 
 Equity in accessing resources Marshall et al. (2009), Wongbusarakum & Loper (2011) 
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2.3.2.1. Classifications of SVI 
Social vulnerability is often hidden and complex. It is nested in various aspects of human life 
and is place-sensitive (Fekete 2009; Barnett, Lambert & Fry 2008). Thus, it is unsurprising 
that a diverse range of approaches is found in SVI assessment (Yoon 2012). Table 2.5 
presents a way of understanding this diversity, indicating a range of elements and approaches 
in existing studies. 
Table 2.5 SVI classifications 
Elements Approaches Authors 
Components One component  Cutter, Boruff & Shirley (2003) 
Mixed components Hahn, Riederer & Foster (2009); Yoo, Hwang & Choi (2011), Heltberg & 
Bonch-Osmolovskiy (2011), Shah et al. (2013), Ahsan & Warner (2014), 
Su et al. (2015) 
Factors 
selection and 
aggregation 
Inductive Cutter, Boruff and Shirley (2003), Rygel, O’Sullivan and Yarnal (2006), 
Boruff and Cutter (2007), Bjarnadottir, Li & Stewart (2011) 
Deductive Cutter, Mitchell and Scott (2000), Wu, Yarnal & Fisher (2002), Heltberg 
and Bonch-Osmolovskiy (2011), Lixin et al. (2014), Zhou et al. (2014), 
Oulahen et al. (2015) 
Weighting 
schemes 
Equal weights Clark et al. (1998), Wu, Yarnal and Fisher (2002), Cutter, Boruff & Shirley 
(2003), Su et al. (2015) 
Non-equal weights Kleinosky, Yarnal & Fisher (2007), Bjarnadottir, Li & Stewart (2011), 
Ahsan & Warner (2014), Lixin et al. (2014) 
Spatial scales International Boruff & Cutter (2007) 
National Cutter, Boruff & Shirley (2003), Heltberg & Bonch-Osmolovskiy (2011), 
Su et al. (2015) 
Local Cutter, Mitchell & Scott (2000), Wu, Yarnal & Fisher (2002), Bjarnadottir, 
Li & Stewart (2011), Yoo, Hwang & Choi (2011) 
Temporal scales Current Cutter, Boruff & Shirley (2003), Boruff and Cutter (2007), Yoo, Hwang 
and Choi (2011), Ahsan & Warner (2014), Oulahen et al. (2015) 
Future Wu, Yarnal & Fisher (2002), Rygel, O’Sullivan and Yarnal (2006), 
Kleinosky, Yarnal & Fisher (2007) 
Data resources Primary Hahn, Riederer and Foster ( (2009), Shah et al. (2013), Ahsan & Warner 
(2014) 
Secondary Cutter, Boruff and Shirley (2003), Rygel, O’Sullivan and Yarnal (2006), 
Boruff and Cutter (2007), Bjarnadottir, Li & Stewart (2011), Lixin et al. 
(2014), Zhou et al. (2014), Su et al. (2015), Oulahen et al. (2015) 
a. SVI components 
Vulnerability can be regarded as incorporating (at least) three components; exposure, 
sensitivity, and adaptive capacity (McCarthy et al. 2001). There are differences in how these 
components are (or are not) included within SVI calculations in existing studies (see Table 
2.5). Some use one component (Cutter, Boruff & Shirley 2003), while others aggregate mixed 
components in developing an SVI (Hahn, Riederer & Foster 2009; Heltberg & Bonch-
Osmolovskiy 2011; Yoo, Hwang & Choi 2011; Shah et al. 2013). Varying approaches reflect 
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complexity in conceptions of social vulnerability and its relevant elements (Cutter 1996; 
Brooks 2003). Interestingly, recent research tends to involve all three key components in the 
SVI. 
Table 2.6 Components within SVI in different existing studies 
Research 
Components 
Exposure Sensitivity 
Adaptive 
capacity 
Clark et al. (1998) x x  
Cutter, Mitchell & Scott (2000) x x  
Wu, Yarnal & Fisher (2002) x x  
Cutter, Boruff & Shirley (2003)  x  
Vincent (2004)  x  
Boruff, Emrich & Cutter (2005) x x  
Rygel, O’sullivan & Yarnal (2006) x x  
Boruff & Cutter (2007) x x  
Kleinosky, Yarnal & Fisher (2007) x x  
Hahn, Riederer & Foster (2009) x x x 
WB (2010) x x x 
Bjarnadottir, Li & Stewart (2011) x x  
Yoo, Hwang & Choi (2011) x x x 
Heltberg & Bonch-Osmolovskiy (2011) x x x 
Shah et al. (2013) x x x 
Morzaria-Luna, Turk-Boyer & Moreno-Baez (2014) x x x 
Su et al. (2015) x x x 
b. Factor selections  
In principle, there are three approaches to develop SVI: (i) deductive approaches, which are 
based on existing theory, (ii) inductive approaches, which are based on data from both the 
indicating variables as well as observed harm; and (Richardson & Alexander I. Pugh) 
normative ones, which are based on value judgements (Hinkel 2011). However, the 
vulnerability literature shows that two primary methods have primarily been used to date in 
efforts towards assessing social vulnerability: (1) a deductive approach based on a theoretical 
understanding of relationships and (2) an inductive approach based on statistical 
relationships. 
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 Deductive approach (theory-driven approach) 
The deductive approach selects a limited number of variables deductively to create an SVI 
based on a priori theory and knowledge from existing literature (Yoon 2012). Using 
deductive arguments in the development of vulnerability indicators means using available 
scientific knowledge in the form of frameworks, theories, or models about the vulnerable 
system of interest in the selection and aggregation of indicating variables (Hinkel 2011).  
 Inductive approach (data-driven approach) 
Using inductive arguments in the development of vulnerability indicators means using data 
for building models that explain observed harm through some indicating variables (Hinkel 
2011). An inductive approach to assessing social vulnerability creates a systematic SVI using 
extensive sets of variables that influence social vulnerability (Yoon 2012). Generally, the 
development of statistical models is only promising if two conditions are met: firstly, systems 
can be narrowly defined in the sense that they can be described using few variables, and 
secondly, sufficient data is available (Hinkel 2011).  
Each approach has strengths and weaknesses; so an appropriate choice must be based on local 
conditions including knowledge and analytical ability on vulnerability assessment, 
vulnerability data availability, and emergency management strategies (Yoon 2012). The 
limitation of a deductive approach is that theory-based factors may be inappropriate or 
inaccurate in describing dynamic systems of climate and community change. Moreover, this 
approach could only be used for selecting factors, but not for aggregating them (Hinkel 2011). 
The inductive approach must confront the constraint of data unavailability (Hinkel 2011), 
particularly in developing countries. 
c. Factor aggregation 
To match up two methods to select factors within an SVI, two ways to aggregate factors are 
possible: the deductive measurement approach, and the inductive measurement approach 
(Yoon 2012). 
 Deductive measurement approach 
In this approach, variables are standardised or normalised to aggregate them in creating a 
composite value. The standardisation procedure is necessary to eliminate the unit of 
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measurement by transforming the data into a small and specified range of scale. Three 
techniques: Z-score normalisation (Boruff & Cutter 2007); Maximum value transformation 
(Clark et al. 1998; Cutter, Mitchell & Scott 2000; Wu, Yarnal & Fisher 2002; Vincent 2004) 
and Min-max rescaling transformation (Shah et al. 2013; Ahsan & Warner 2014) are 
commonly used to make variables unitless. These methods are types of linear aggregation 
techniques used to construct a final score (Yoon 2012).  
+ Z-score transformation:    Z = (score - mean)/standard deviation 
+ Maximum value transformation:    
maxX
X
R ii   
+ Min–max rescaling transformation:   
minmax
min
XX
XX
V ii



 
 Inductive measurement approach 
In this approach, variables are reduced and combined based on statistical techniques, such as 
factor analysis (FA), especially principal component analysis (PCA). PCA is a statistical 
approach that uncovers the underlying dimensions of a large set of variables and 
mathematically transforms data into a smaller set of components (factors) based on inter-
correlated variables (Yoon 2012). PCA is also a way to help determine factors that account 
the largest proportion of vulnerability (Vincent 2004). 
Some research employs both deductive and inductive approaches in factor selection and 
aggregation processes. The specific example is the SVI developed by Cutter, Boruff and 
Shirley (2003) for the 3,141 counties in the United States. The authors first selected more than 
250 variables deductively based on literature. This list was then narrowed down to 42 
variables by removing redundant variables through multicollinearity analysis. Finally, PCA 
was applied and 11 components explaining 76.4 percent of the variance were identified. 
d. Weighting schemes 
Weighting schemes are an important aspect of aggregation processes (Fekete, Damm & 
Birkmann 2010; Yoon 2012). Most existing research does not specifically weight social 
vulnerability indicators. This means that they effectively weight each factor equally, which is 
unlikely to reflect reality, since not all vulnerability indicators are necessarily equal. Some 
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research applies weights, for example, via “expert judgement” (Vincent 2004); principal 
component analysis – derived weights (Crowards 1999); analytical hierarchy process 
(Bjarnadottir, Li & Stewart 2011); and Pareto ranking (Kleinosky, Yarnal & Fisher 2007). 
e. Spatial scales 
The spatial scale of assessment is also a crucial element to consider because social 
vulnerability varies from place to place (Rygel, O’sullivan & Yarnal 2006). SVI studies have 
been conducted at many different scales, from a county scale (Cutter, Mitchell & Scott 2000; 
Wu, Yarnal & Fisher 2002; Bjarnadottir, Li & Stewart 2011), to city scale (Yoo, Hwang & 
Choi 2011), to the national scale (Cutter, Boruff & Shirley 2003; Heltberg & Bonch-
Osmolovskiy 2011), and to the international scale of a group of Caribbean island nations 
(Boruff & Cutter 2007). However, Hinkel (2011) argues that social vulnerability indices are 
best examined at local scales, where systems can be narrowly defined and, hence, deductive 
arguments are available for selecting indicating variables and inductive ones for aggregating 
them. 
f. Temporal scales 
The temporal scale is also important. Most research estimates SVI in the present, while 
drawing upon past and current socio-economic data and historical information on hazardous 
events. Only a few studies attempt to value and compare different SVI based on scenarios of 
factors in the future (Wu, Yarnal & Fisher 2002; Rygel, O’sullivan & Yarnal 2006; 
Kleinosky, Yarnal & Fisher 2007; Bjarnadottir, Li & Stewart 2011).  
g. Data sources 
Most approaches use secondary (census) data since this avoids the need and resources to 
collect primary SVI-specific data. Others employ primary data, for example, Hahn, Riederer 
& Foster (2009), Shah et al. (2013) and Ahsan & Warner (2014) conducted household surveys 
to collect data for estimating factors in sensitivity and adaptive capacity components. 
Employing primary data helps overcome limitations of secondary data-driven methods, which 
often suffer from limited or no information on measurement error (Hahn, Riederer & Foster 
2009; Ahsan & Warner 2014). 
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2.3.2.2. Benefits and limitations of SVI 
a. Benefits 
An SVI approach helps researchers and decision-makers understand the social dimensions of 
vulnerability in the context of climate change at different scales, allowing it could be used to 
assess the impact of a program or policy by substituting the value of the indicator that is 
expected to change and recalculating the overall vulnerability index. Moreover, the SVI might 
be used to project future vulnerability under simple climate change scenarios (Vincent 2004; 
Hahn, Riederer & Foster 2009). An understanding of procedures and various measurement 
methodologies of social vulnerability could help planners and emergency managers in making 
priority choices in reducing vulnerability and disaster damage (Adger et al. 2004). 
The SVI can assist local decision-makers in pinpointing those factors that threaten the 
sustainability and stability of the county (or community). The development and integration of 
social, built environment, and natural hazard indicators will improve our hazard assessments 
and justify the selective targeting of communities for mitigation based on good social science, 
not just political whim (Cutter, Boruff & Shirley 2003). 
b. Limitations 
Hinkel (2011) asserts that vulnerability indicators are not appropriate methodologies for five 
purposes: (i) identification of mitigation targets, (ii) raising awareness, (ii) allocation of 
adaptation funds, (iv) monitoring of adaptation policy, and (v) conducting scientific research. 
He argued that vulnerability indicators may be appropriate to identify vulnerable people, 
regions, or sectors at local scales when systems can be narrowly defined, and hence deductive 
arguments are available for selecting indicating variables and inductive ones for aggregating 
them. For other purposes, either vulnerability is not an adequate concept or, in the cases that it 
is, indicator-based approaches may not be an appropriate method. 
Vincent (2004) points out some other limitations of an SVI approach. Firstly, vulnerability is 
multi-dimensional in nature and a potential state that is time and scale-specific. Consequently, 
a social vulnerability index is only a snapshot in time, and may disguise ongoing evolutions of 
certain dimensions. Likewise, it is difficult to express the relationships among different 
factors and components that interact in different ways according to the temporal and spatial 
scales of analysis. Secondly, using current vulnerability, and being unable to capture temporal 
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shifts and assess their potential effect on the overall social vulnerability, must be borne in 
mind when using the results. 
Most of the research on SVI uses secondary data to calculate an SVI. This approach confronts 
limitations of secondary, data-driven, approaches combining data collected at different 
temporal and/or spatial scales and for different purposes. Researchers relying on secondary 
data often have no information on measurement error, thus no way to estimate potential biases 
in interpretation of results (Vincent 2004). 
The data standardisation procedure is necessary in developing an SVI. However, using data 
standardisation techniques presents limitations, including that the calculated SVI may not be 
compatible with future studies (Hahn, Riederer & Foster 2009; Ahsan & Warner 2014). 
2.4. Concepts for a New SVI 
To extend and improve current approaches, a new SVI is proposed in this study. This is 
presented as follows, through four elements. 
2.4.1. Main components 
The proposed SVI comprises the three main components of exposure, sensitivity, and 
adaptive capacity. This selection is closely based on the definition of McCarthy et al. (2001) 
as used in the Third Assessment Report of the International Panel on Climate Change, and re-
confirmed in the Fifth Assessment Report which was finalised in November 2014. It also 
follows the direction of attempts to build SVIs in recent studies (Shah et al. 2013; Ahsan & 
Warner 2014; Morzaria-Luna, Turk-Boyer & Moreno-Baez 2014). 
2.4.1.1. Exposure  
“Exposure” is understood as “the nature and degree to which a system is exposed to 
significant climatic variations” (McCarthy et al. 2001). To be more specific, exposure in this 
research is expressed as the degree to which the population of a studied area is exposed to 
natural hazardous events. It can be identified by an average rate of people (or households) in 
groups who are exposed to, or directly affected by, main natural hazardous events (e.g. 
storms, floods, droughts) to total population (or households) in a specific area. Each group of 
people (or households) in the exposure component is directly affected by a specific natural 
hazardous event and is therefore an exposure factor. 
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For example: According to the research of IMHEN (2009a), the number of people in Quy 
Nhon city who will be affected directly by flooding in 2020 is about 30,000, equal to 10% of 
total population of this city. This can be used as one of the representatives of the exposure of 
Quy Nhon city to climate change in 2020. 
2.4.1.2. Sensitivity  
“Sensitivity” is “the degree to which a system is affected, either adversely or beneficially, by 
climate-related stimuli” (McCarthy et al. 2001). In this research, sensitivity is defined as the 
degree to which specific groups of people (e.g. female, young and old people, or farmers) in a 
studied area are susceptible to natural hazardous events. Population sensitivity can be 
identified by an average rate of people (or households) in these specific groups to total 
population (or households) in a specific area. Each specific group of people (or households) is 
therefore a sensitivity factor, and so sensitivity has sub-components, which include 
demographic and socio-economic groups. 
For example: The Quy Nhon Census indicates that there were 145,527 females, equal to 
51.5% of the total population, in Quy Nhon city in 2011. This can be used in representing one 
aspect of social sensitivity of Quy Nhon to climate change in 2011, where gender is widely 
regarded as important. 
2.4.1.3. Adaptive capacity  
“Adaptive capacity” comprises the resources and capabilities that a community can bring to 
the task of reducing risk and vulnerability, including physical, institutional, social, and 
economic means, skilled personnel, and collective attributes such as leadership and 
management (UNISDR 2004). In this study, adaptive capacity can be identified by an average 
rate of people (or households) in groups who possess capabilities to adapt to natural 
hazardous events to total population (or households) in a specific area. Each group of people 
(or households) represents a specific capacity, made up of a diversity of elements.  
For example: The Quy Nhon Census indicates that there were 130,805 people in employment, 
equal to 46.3% of the total population in Quy Nhon city in 2011. This can be used as one of 
the representatives of adaptive capacity of Quy Nhon to climate change. 
There are many possible approaches to identifying and selecting factors related to adaptive 
capacity to climate change. There is a common trend that researchers suggest adaptive 
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capacity at the local scale can be identified through livelihood approach (Bebbington 1999; 
Armitage 2005; Vincent 2007; Hahn, Riederer & Foster 2009; WB 2010a; Brown et al. 2010; 
Penalba & Elazegui 2011; Shen et al. 2011; Jarungrattanapong & Manasboonphempool 2011; 
Shah et al. 2013; Smith et al. 2013; Chen et al. 2015). Adaptive capacity is defined as the 
ability to diversify or shift livelihood strategies, by mobilizing and using capital forms, in 
order to absorb stresses and shocks (Thulstrup 2015). Livelihoods analysis has been used to 
evaluate adaptive capacity of local communities in both developing and developed countries 
(Brown et al. 2010). This approach based on the theory of livelihood capitals which is 
proposed by Ellis (2000). According to this approach, livelihood comprises five capitals, 
including natural, physical, human, social, and financial capitals, in which some sectors are 
included (See Table 2.7). Natural capital refers to the natural resource base (land, water, trees) 
that yields products utilised by human populations for their survival. Physical capital refers to 
assets brought into existence by economic production processes, for example tools, machines, 
and land improvements such as terraces or irrigation canals. Human capital refers to the 
education level and health status of individuals and populations. Financial capital refers to 
stocks of cash that can be accessed in order to purchase either production or consumption 
goods; access to credit might be included in this category. Social capital refers to the social 
networks and associations in which people participate, and from which they can derive 
support that contributes to their livelihoods. This approach helps comprehensively reflect 
issues relevant to socially adaptive capacity. 
Table 2.7 Five livelihood capitals and their factors 
(Adapted from Ellis 2000) 
Capitals Factors 
Human Employment, level of education, skills, health, gender, age 
Social and political Networks, membership of groups, relationships 
Physical Lifelines, transport, housing, communications 
Financial Savings, credit, remittances, pensions (income diversity) 
Natural Land, water areas, trees 
 
In addition, these definitions indicate a local scale for the calculation of an SVI. In turn, this 
requires data to calculate the SVI to be collected on a local (household) scale, with all three 
components being identified as an average rate of households in specific groups to total 
households in the studied areas. Simultaneously with this strategy, indicators of factors will 
be identified and selected in accordance with the household scale. 
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2.4.2. Aggregation and calculation 
Since social vulnerability affects people living in exposed areas who are sensitive to climate 
change and who have limited adaptive capacity, aggregation methods rely on these elements 
and their causal relationships as described in Figure 2.6 following. In these two pictures, three 
circles, E, S and AC, represent exposed, sensitive, and adaptive capacity respectively, while 
circle G denotes the total population of the studied area. 
It is an ontological assumption of this research that social vulnerability affects households 
living in exposed areas, who are sensitive to climate change and who have limited adaptive 
capacity. Aggregation methods rely on these elements and the correlation is described below. 
There are four circles which represent four groups of people: 
- G is the General circle which describes the total households of a specific area.  
- E is Exposure, which describes the percentage of exposed households. 
- S is Sensitivity, which describes the percentage of households sensitive to climate 
change. 
- AC is Adaptive Capacity, which describes the percentage of households with 
required adaptive capacity. 
 
 
Households who are not only living in exposed areas but also sensitive to climate change will 
become a potential social vulnerability group (called PSV) as represented via the overlap (the 
spotted area) between E and S in Figure 2.6 (a). 
G 
E S AC 
Total households Exposed households Sensitive households Adaptive households 
43 
 
 
 
Figure 2.6 Causal relationships among SVI’s components 
PSV can be estimated via Equation 1: 
PSV = E*S    (1) 
In Figure 2.6(b), the PSV group can be divided into two parts, including the first with 
available adaptive capacity, and another without adaptive capacity to respond to climate 
change. The latter (shaded) group will not be an immediately vulnerable group, because their 
adaptive capacity helps them respond to climate change or overcome exposure and sensitivity. 
However, the former (a residual part of the spotted area) will be a social vulnerability (SV) 
group. SV can be estimated by Equations 2 to 4. Equation 5 is the official formula to calculate 
an SVI.  
SV = PSV - PSV*AC (2) 
SV = PSV*(1-AC)      (3) 
or, SV = E*S*(1-AC)   (4) 
and, SVI=EI*SI*(1-ACI) (5) 
Where EI, SI and ACI are indices of three components, exposure, sensitivity, and adaptive 
capacity, respectively. 
Each component can have several sub-components, and each sub-component can have factors. 
Each sub-component is calculated using the following Equation 6, in which equal weight will 
be employed, meaning each factor equally contributes to the sub-component (Sullivan 2002; 
Hahn, Riederer & Foster 2009; Shah et al. 2013). 
(a) (b) 
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 (6) 
Where SC is the score of a sub-component; Fi is the score of factor i and N is the total factors 
in a sub-component. 
To calculate each component, a weighting scheme is employed based on the number of 
factors that make up each sub-component (see Equation 7) (Sullivan 2002; Hahn, Riederer & 
Foster 2009; Shah et al. 2013).  
  (7) 
Where  C is the index of a component; SCi is the value of sub-component i in this component; 
Wi is the weight of sub-component i (Wi equals the number of factors in sub-component i) 
and N is the total factors in this component. 
2.4.3. Methods for identifying factors 
To address the limitations of deductive and inductive methods, this research proposes using 
“expert judgement” (Kaly & Pratt 2000), in which SVI factors are identified through local 
stakeholders’ perspectives (Grasso, Moneo & Arena 2013; Ahsan & Warner 2014). Local 
experts and community members examine factors closely associated with specific 
characteristics of the locality. Data can be collected through interviews, questionnaires, and 
focus group discussions. An expert judgement approach can be used not only to identify 
factors, but also to collectively weight different components and indicators (Vincent 2004; 
Nardo 2005; Decancq 2012; Grasso 2013). 
2.4.4. Data sources 
To collect the required representative primary data, a household questionnaire survey is 
proposed, with survey questions developed and pilot-tested in order to check that the 
instrument can be effectively used to value-score each factor in each of the SVI components. 
As mentioned in Section 2.4.1 earlier, each SVI factor represents a specific group of 
households which is exposed or susceptible to climate change, or which possesses capabilities 
to adapt to natural hazardous events, so questions must be designed appropriately. To achieve 
this target, questions are suggested in the form of closed-ended, such as “yes-no” questions. 
One example is: Was your household directly affected by storms in the last five years? 
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2.5. Summary 
This chapter reviewed relevant issues closely associated with the research topic and proposed 
a new SVI logically suited to the context of the research. The first section focused on general 
issues of climate change. Then specific matters on climate change in Vietnam and the case 
study, Quy Nhon city, were reviewed. The second section examined basic concepts of 
vulnerability to climate change, including definitions and components of vulnerability. The 
SVI concept and work to date were discussed in the third section. A concept for new SVI was 
proposed in the fourth section. Four key elements of this new SVI are proposed: (1) 
identification of components; (2) mechanism for aggregating and accounting; (3) methods for 
identifying SVI factors; and (4) data sources. 
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CHAPTER 3. RESEARCH DESIGN AND METHODS 
 
3.1. Introduction 
This chapter outlines the methodology used in this research, including research design, data 
collection, and analysis methods. The mixed method research proposed is a combination of 
qualitative and quantitative techniques and is used in this study because of the 
qualitative/conceptual and quantitative/numerical aspects of SVI. The qualitative aspect 
improves our understanding of the factors used to build up SVI, and the quantitative aspect 
allows us to simulate SVI values of objects in forms of real numbers to aid decision-making. 
To address the research objectives, two aims and four objectives/phases are designed as 
described in Chapter 1. Aim 1 focuses on developing a new SVI (Chapter 2). Aim 2 
operationalizes the proposed SVI and considers applications for policy. This involves three 
phases, including calculating the SVI in the case study of Quy Nhon city, and proposing 
policy implications. 
The remainder of this chapter is divided into four sections. Section 3.2 presents the rationale 
for selecting the mixed methods research approach in this study. Details of the research 
phases and methods used in the research design are described in Section 3.3. Section 3.4 
indicates some constraints in the study, including practical, ethical, and political concerns, and 
proposes solutions for overcoming these limitations. Section 3.5 summarises the chapter 
outcomes.  
3.2. Rationale for Mixed Methods Research 
The study tried to use objective approach to assess social vulnerability in a population and 
contribute new knowledge in this field. However, the nature of social vulnerability is a 
phenomenon and measurement of social vulnerability accepts numerous assumptions which 
are made about populations. Therefore, the ontological starting point for the thesis is that new 
knowledge is realizable and measurable, and that, at the same time, objective truths about 
social phenomena are tempered by subjectivity. Even though there is a normative assumption 
about how social vulnerability is produced, detected and assessed, this phenomenon 
comprises uncertainties, especially in the context of climate change. Indeed, the 
epistemological starting point of this study is to keep an open mind about the definition of 
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social vulnerability and to provide an open ended inquiry about social vulnerability. Based on 
the above ontology and epistemology, this study conducts mixed methods research to explore 
and confirm the research hypotheses. 
3.2.1. Definitions, strengths and weaknesses of mixed methods research 
The qualitative and quantitative aspects of SVI in this research indicate the need for mixed 
methods to be used. By combining elements of qualitative and quantitative research (e.g., 
drawing on qualitative and quantitative perspectives and using a mix of data collection and 
analysis techniques) it is possible to expand the breadth of understanding or corroboration 
(Johnson, Onwuegbuzie & Turner 2007). Similarly, Tashakkori & Creswell (2007) define 
mixed methods research as a process in which the investigator collects and analyses data, 
integrates the findings, and draws inferences using both qualitative and quantitative 
approaches or methods in a single study or program of inquiry. 
Mixed methods research has been called the “third path” (Gorard & Taylor 2004), the “third 
research paradigm” (Johnson & Onwuegbuzie 2004), and the “third methodological 
movement” (Teddlie & Tashakkori 2003). Mixed methods research has emerged as an 
alternative to the dichotomy of qualitative and quantitative traditions during the past 20 years. 
While qualitative research often focuses on exploring issues, and quantitative research on 
confirming issues, mixed methods research can simultaneously address a range of 
confirmatory and exploratory questions with both qualitative and quantitative approaches 
(Teddlie & Tashakkori 2009). Some dimensions of contrast across the three methodologies 
are identified in Table 3.1.  
Table 3.1 Dimensions of contrast among the three methodological communities 
(Adapted from Teddlie and Tashakkori 2009) 
Dimension  
of contrast 
Qualitative position 
Mixed methods 
position 
Quantitative position 
Methods Qualitative methods Mixed methods Quantitative methods 
Researchers Qualitative scientists Mixed methodologists Quantitative scientists 
Paradigms Constructivism  
(and variants) 
Pragmatism; 
transformative 
perspective 
Postpositivism 
Positivism 
Research questions Qualitative research 
questions 
Mixed methods research 
questions (qualitative 
and quantitative) 
Quantitative research 
questions 
Form of data Typically narrative Narrative plus numeric Typically numeric 
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Purpose of research (Often) exploratory plus 
confirmatory 
Confirmatory plus 
exploratory 
(Often) confirmatory 
plus exploratory 
Role of theory; logic Grounded theory; 
inductive logic 
Both inductive and 
deductive logic; 
inductive-deductive 
research cycle 
Rooted in conceptual 
framework or theory; 
hypothetico-deductive 
model 
Typical studies or 
designs 
Ethnographic research 
design and others (case 
study) 
Mixed methods Correlational; survey; 
experimental; quasi-
experimental 
Sampling Mostly purposive Probability, purposive, 
and mixed 
Mostly probability 
Data analysis Thematic strategies: 
categorical and 
contextualising 
Integration of thematic 
and statistical; data 
conversion 
Statistical analyses: 
descriptive and 
inferential  
Validity/trust 
worthiness issues 
Trustworthiness; 
credibility; 
transferability 
Inference quality; 
inference transferability 
Internal validity; 
external validity 
Mixed methods research has both strengths and weaknesses, as identified by Johnson & 
Onwuegbuzie (2004). 
Potential strengths of mixed methods research include: 
 Combining quantitative and qualitative research strengths. 
 Generating and testing a grounded theory. 
 Addressing a broader and more complete range of research questions because the 
researcher is not confined to a single method or approach. 
 Using the strengths of an additional method to overcome the weaknesses in another 
method by using both in a research study. 
 Providing stronger evidence for a conclusion through convergence and corroboration 
of findings. 
 Adding insights and understanding that might be missed when only a single method is 
used. 
 Increasing the generalizability of the results. 
 Qualitative and quantitative research used together produce more complete knowledge 
necessary to inform theory and practice. 
Potential weaknesses of mixed methods research include: 
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 It can be difficult for a single researcher to carry out both qualitative and quantitative 
research, especially if two or more approaches are expected to be used concurrently; it 
may require a research team. 
 The researcher has to learn multiple methods and approaches and understand how to 
mix them appropriately. 
 Methodological purists contend that one should always work within either a 
qualitative or a quantitative paradigm. 
 It is more resource intensive/expensive and time-consuming. 
 Some of the details of mixed research remain to be worked out fully by research 
methodologists. 
3.2.2. Reasons for employing the mixed methods research 
Five reasons inform the mixed methods approach in this study. Firstly, vulnerability 
assessment for making decisions to respond to climate change is a complex issue, with both 
certain and uncertain dimensions in the variety of data needed. Consequently, the issue lends 
itself to an integrated approach and to employing a group of integrated research methods. 
Secondly, the essential tool applied in this thesis is SVI, which itself consists of both 
qualitative/conceptual and quantitative/numerical methods. Each method has distinctive 
advantages and disadvantages, so it should require a wise balance between the methods. 
Mixed methods research, therefore, will be the best way to solve this complex issue. Thirdly, 
mixed methods research also can help to achieve both qualitative and quantitative purposes of 
the research. The qualitative stage improves our understanding of factors within a system 
which are used to build up SVI, and the quantitative stage allows us to simulate SVI values of 
objects in forms of real numbers, which are easier for decision-makers. Fourthly, the ambition 
of this research includes developing an action framework based on SVI concurrently with 
assessing potential for applying the SVI. Consequently, conducting mixed methods research 
is a necessary approach. Lastly, through using mixed methods research, the action and policy 
framework proposed from this research will probably be of more value, and convincing to 
apply in the real context. 
3.3. Phases of the Research Design 
The phases in the study follow the sequence of the two aims and their related objectives. Each 
objective is achieved by one phase. Thus, Aim 1 includes the first objective and the first 
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phase, and the three objectives of Aim 2 are addressed in the next three phases. Nine detailed 
steps in these phases are explained in Table 3.2. 
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Table 3.2 Research design 
Aim Objective Phase Step 
Methodology 
Data collection method Data analysis method 
Aim 1. To develop a 
new SVI 
Objective 1. To develop a new 
SVI 
Phase 1. To propose a new SVI 
appropriate to the context of the 
study  
Step 1. To propose the conceptual framework of SVI appropriate to the 
context of the study 
Literature review Step 2. To propose the conceptions of SVI components appropriate to 
the context of the study 
Step 3. To propose the mechanism for aggregating and accounting SVI 
components appropriate to the context of the study 
Aim 2. To examine 
the suggested SVI 
and propose its 
applications 
Objective 2. To establish an SVI 
for the case study 
Phase 2. To establish an SVI for 
the case study 
Step 4. To identify specific factors of SVI in the case study - Literature review; 
- Delphi technique (20 local experts and decision-
makers); 
- Key informant interviews (14 key informants, 
including local experts and decision-makers); 
- Focus group discussions (FGDs): Two 
workshops, including a workshop with 
participation of 10 local experts and another one 
with 10 village leaders 
 
Content analysis/  
Statistical analysis 
Content analysis 
 
Content analysis 
Step 5. To identify specific indicators of SVI in the case study 
Objective 3. To calculate an SVI 
for the case study 
Phase 3. To calculate an SVI for 
the case study  
Step 6. To collect data 
Household questionnaire survey in 1,029 
households in five selected communes 
Statistical analysis Step 7. To validate collected data 
Step 8. To calculate SVI 
Objective 4. To propose policy 
implications for the case study  
Phase 4. To propose policy 
implications for the case study 
Step 9. To propose policy implications for the case study 
Literature review and outputs from all previous tasks 
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3.3.1. Aim 1 - To develop a new SVI 
3.3.1.1. Phase 1 - To propose a new SVI appropriate to the context of the study 
The main purpose of Aim 1 is to develop a new SVI. To achieve this aim, Phase 1 has three steps.  
a. Step 1 - To identify the conceptual framework of SVI appropriate to the context of the 
study 
The diversity in conceptual frameworks of vulnerability and social vulnerability to climate 
change leads to a variety of SVI conceptual frameworks. Thus, Step 1 reviews the main SVI 
conceptual frameworks and proposes an appropriate framework to the context of this study. 
b. Step 2 - To propose the conceptions of SVI components appropriate to the context of the 
study 
Simultaneously with the specific conceptual framework of SVI, its components are defined in a 
particular manner in Step 2. This step is designed to review different conceptions of three main 
components of SVI in previous studies, including exposure, sensitivity, and adaptive capacity 
components. Then the specific conceptions of these components are proposed to be appropriate to 
the context of the study. These conceptions are the basis to identify factors and indicators within 
SVI, and propose the aggregation scheme of SVI in next steps. 
c. Step 3 - To propose the mechanism for aggregating and accounting SVI appropriate to 
the context of the study 
A literature review is a suitable approach to achieve the purpose of Step 3. A very broad range of 
literature on the mechanism for aggregating and accounting SVI is reviewed in this step. In this 
research, the proposed mechanism must be suitable for the proposed conceptual framework and 
conceptions in previous objectives. Moreover, some specific requirements are also offered. 
Firstly, the aggregating formula must include all three main components of social vulnerability 
(exposure, sensitivity, and adaptive capacity). Secondly, the aggregating formula and calculating 
techniques should be simple. Lastly, this mechanism can use primary data for accounting SVI. 
Based on these requirements, together with literature review, a new mechanism for aggregating 
and accounting SVI is suggested in this step. 
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3.3.2. Aim 2 - To examine the suggested SVI and propose its applications 
3.3.2.1. Phase 2 - To establish an SVI for the case study 
Based on the proposed SVI generated from Phase 1, the purpose of Phase 2 is to establish a 
specific SVI for Quy Nhon city. To achieve this target, factors and indicators within three SVI 
components must be identified through two tasks, Step 4 and Step 5 respectively. Because of 
differences characteristics of these components, the employment of different methods is 
suggested. A Delphi survey and interviews of key informants – with participation of local experts 
and decision-makers – are conducted to identify factors and indicators within the two components 
of exposure and sensitivity, while other adaptive capacity factors and indicators are identified 
through two focus group discussions with local experts and village leaders. These methods are 
illustrated below. 
a. Delphi survey 
Based on a conceptual framework and conceptions of SVI components applicable to the context 
of the study, the Delphi method is used to obtain the opinions of experts about the most 
significant factors to include in the conceptual model. 
The Delphi method is a common technique for “forced-choice” decision-making based on the 
opinions of experts, especially in the fields of social science (Landeta 2006). This technique was 
first developed in the 1950s by the Rand Corporation in California (Goodman 1987), and has 
been defined as a multi-staged survey which attempts, ultimately, to achieve consensus of a 
group of experts on an important issue through a series of intensive questionnaires interspersed 
with controlled feedback (McKenna 1994; Dalkey & Helmer 1963). There are many different 
forms of Delphi, such as the “original Delphi” (Keeney, Hasson & McKenna 2011), the 
“modified Delphi” (McKenna 1994), the “policy Delphi” (Crisp et al. 1997), and the “real-time 
Delphi” (Beretta 1996). The classical – or original – Delphi process was used in this research. 
Keeney, Hasson & McKenna (2011) describes the classical form as comprising two or more 
rounds of questionnaires. The first round asks members of an expert panel for their opinions on a 
topic in an open-ended manner. These responses are analysed by the researchers and sent back to 
the expert panel in the form of statements or questions. In the second round, the expert panel rates 
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or ranks the statements or questions according to their expert opinion on the subject. Rounds 
continue until a consensus is reached on some or all of the items as required. 
In this research, all 30 experts and decision-makers, based upon a list provided by the local 
climate change coordinator office, were invited to participate the study. Invitations were accepted 
by 20, who then attended the three-round Delphi survey (see Figure 3.1). They included academic 
experts working in institutes and universities, experts from provincial agencies, and decision-
makers from the Quy Nhon People’s Committee. All members of the expert panel were working 
in fields directly or indirectly related to climate change in Quy Nhon city. Three rounds of 
questionnaires were sent to the expert panel, and their feedback was obtained by email. The 
consensus level was set at 70%, which was popularly used in research on social science (Keeney, 
Hasson & McKenna 2011). 
Figure 3.1 Design of the three-round Delphi survey  
 Round 1 - Brainstorming 
The target of Round 1 was to identify all relevant factors in the two components of exposure and 
sensitivity, based on perspectives of the expert panel. An open-ended set of questions was 
employed to allow panel members freedom in their responses. The questionnaire had two simple 
questions, where experts were asked to list factors related to the two components of exposure and 
sensitivity in Quy Nhon city. 
Round 1 
Brainstorming 
(Qualitative round) 
 Questionnaire 1: Ask experts to list relevant factors related to climate 
change in Quy Nhon city. 
Round 2 
Narrowing down 
(Quantitative round) 
 Questionnaire 2: Ask experts to rate factors generated from round 1 via 
the typical 5-point Likert scale. 
Round 3 
Examining 
(Quantitative round) 
Questionnaire 3: Ask experts to examine and rate again factors that have 
consensus level under 70% from round 2 via the typical 5-point Likert 
scale. 
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1. Could you please list and explain (if you can) common natural hazardous events in 
Quy Nhon city in the last five years? 
2. Could you please list and explain (if you can) groups of people or households in Quy 
Nhon city who are susceptible to natural hazardous events? 
The purpose of the first question was to identify factors within the exposure component which 
focuses on common natural hazardous events for the case study. The sensitivity component 
reflected groups of people sensitive to natural hazards who could be identified through the second 
question. 
Content analysis method was conducted to analyse data from this survey and other techniques 
using in this research. Content analysis was a research technique for the systematic classification 
and description of communication content according to certain usually predetermined categories. 
It was also defined as a systematic, replicable, technique for compressing many words of text into 
fewer content categories, based on explicit rules of coding (Krippendorff 2012). Content analysis 
might be used with either quantitative or qualitative data (Elo & Kyngäs 2008) simultaneously 
with deductive and inductive approaches respectively. There were many steps in conducting the 
content analysis process, in which four key steps were defining analytical categories, constructing 
a coding schedule, coding, and analysing coding. Based on the purpose of the specific task in 
each phase, both qualitative and quantitative approaches on content analysis were conducted in 
this research.  
 Round 2 - Narrowing down 
Round 2 focused on rating factors generated from Round 1 based on their importance levels. In 
this round, the research employed a structured questionnaire, in which, the number of questions 
equalled the number of factors generated from Round 1. The expert panel was asked to rate 
factors on an appropriate scale. Two questions were used in this round simultaneously with two 
components. In the exposure component, the question Could you please rate the level of negative 
impacts of each factor based on the 5-point Likert scale? was used to rank the negative impacts 
level of common natural hazards in Quy Nhon city. Therefore, the 5-point Likert scale was 
designed with five levels: (1) not very serious, (2) not serious, (3) neither, (4) serious, (5) very 
serious. Factors in the sensitivity component were rated by their level of susceptibility. So the 
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question Could you please rate the level of susceptibility of each factor based on the 5-point 
Likert scale? was used. Five levels of the Likert scale were suggested, for example: (1) very 
unsusceptible, (2) unsusceptible, (3) neither, (4) susceptible, (5) very susceptible. 
Statistical techniques were used to analyse collected data in this round. Statistics analysis 
software was used as a tool to obtain the mean, consensus level, and standard deviation of factors 
in exposure and sensitivity components. While the mean values were used to rank factors in each 
component, consensus levels were the basis to refine factors. To be more specific, if factors 
reached a consensus lower than 70% in the Round 2, they would be rated again in Round 3 in 
order to improve their consensus levels. 
 Round 3 - Examining 
The purpose of Round 3 was to rate again Round 2factors with a consensus level lower than 70%. 
This step helps improve consensus levels of factors, which were the basis to select them. While 
the factors with a consensus level greater than or equal 70% were selected as main factors of SVI, 
others were eliminated in next steps. Moreover, new rankings from this round were used to refine 
factors.  
A structured questionnaire was also employed. The questionnaire used in Round 3 was designed 
to show the individual response of each expert and the mean of group responses on each factor. 
Experts were asked to reconsider their responses since Round 2, and rate again the level of 
importance of each factor using the same 5-point Likert scale. Similarly to round 2, two questions 
were used for two components: Could you please rate again the level of negative impacts of each 
factor based on the 5-point Likert scale?, and Could you please rate again the level of 
susceptibility of each factor based on the 5-point Likert scale? Two 5-point Likert scales of these 
questions were designed, similar to Round 2. Experts were advised that they did not have to 
change their original responses if they did not wish to. 
Analysis software was used again to compute the mean, consensus level, and standard deviation 
of factors in this round. Factors in each component were ranked by their mean values. The factors 
that reached consensus greater than 70% were selected. 
57 
 
The Delphi survey was stopped after three rounds if most of the factors reached a strong level of 
consensus (Keeney, Hasson & McKenna 2011). In a case where most of factors did not reach 
consensus greater than 70%, some further rounds might be undertaken. 
b. Key informant interviews 
The results of the Delphi survey might be seen to indicate the wide familiarity with all aspects of 
disaster risk reduction. However, the one-on-one semi-structured interviews with local experts 
and decision-makers could reveal a different pattern. 
An interview is a research strategy that involves one person (the interviewer) asking questions of 
another person (the interviewee). Interviews are a powerful data collection strategy because they 
use one-to-one interaction between researchers and interviewees (Teddlie & Tashakkori 2009). In 
this research, an in-depth interview was conducted with two purposes: (1) to explain in detail 
selected factors generated from the Delphi survey, and (2) to identify indicators of these factors.  
In terms of the first purpose, the content of the interview schedule focused on experts’ 
perspectives on selected factors related to the exposure and sensitivity component in Quy Nhon 
city. The experts were asked to show detailed explanations on each factor, including occurrence, 
causes, and impacts of exposure factors, and sensitive characteristics of sensitivity factors. 
Moreover, all factors in these two components were discussed in terms of their frequency in the 
past as well as in the future by the interviewees.  
The second purpose was to explore indicators for factors in two components throughout local 
experts’ perspectives. Experts were asked to suggest indicators of each factor, which was closely 
associated with exposure and sensitivity issues at household scale. 
Because of these purposes, participants in this survey should be professionals in the climate 
change field. It was preferred to select experts who participated in the Delphi survey because they 
were familiar with the research and already understood detailed issues associated with climate 
change in Quy Nhon city through the Delphi survey. 
This interview used the form of an open-ended qualitative interview – an “informal, 
conversational interview” (Patton 2002). This technique allowed respondents to express their 
own understanding in their own terms, as well as generating considerable information which 
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might lead to the reconceptualization of issues under study (Teddlie & Tashakkori 2009). The 
interviews took place in the traditional face-to-face format (Crichton & Kinash 2003).  
Content analysis method was used to analyse data from the interviews. Depending on the amount 
of data, content analysis can be supported by coding software, such as NVivo. However, because 
of the small number of participants and themes, human coding was used in this research. 
c. Focus group discussions 
The Delphi survey and key informant interviews explored factors and indicators in the 
exposure and sensitivity components. Focus group discussions were used as a way to uncover 
factors and indicators for the adaptive capacity component. 
Krueger & Casey (2000) defined a focus group as a carefully-planned series of discussions 
designed to obtain perceptions on a defined area of interest in a permissive, non-threatening, 
environment. The employment of focus groups as a research technique is increasing in the 
social sciences (Catterall & Maclaran 1997). The focus group method helped engage 
informants in discussions on clearly controversial issues. In this research, focus group 
discussions were held in the form of expert workshops.  
Reed & Payton (1997) noted the importance of differing perspectives in the membership of a 
focus group. Therefore, in each workshop, participants needed to be divided into some distinct 
groups, for example experts, authorities at city level, and authorities at commune level. There 
needed to be between five to 10 people from each group. The topics to be discussed in each group 
should also be slightly different, depending on particular expertise and interests (Krueger & 
Casey 2000). Therefore, two workshops with different types of participants were conducted in 
this research. 
The first workshop was conducted with the participation of 10 local experts and decision-
makers who were working in fields associated with social aspects and climate change. The 
second workshop was conducted with the participation of 10 village leaders living in villages 
seriously affected by climate change in Quy Nhon city. 
In both workshops, participants discussed the same topic to identify factors and indicators 
associated with adaptive capacity at a household scale. Participants were asked to propose, 
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discuss, and group factors about adaptive capacity into five sub-components, such as natural, 
social and political, financial, human, and physical capitals. Content analysis method was also 
conducted to analyse data from these two focus group discussions. 
3.3.2.2. Phase 3 - To calculate an SVI for the case study 
Based on the official SVI with factors and indicators generated from Phase 2, Phase 3 was 
designed to calculate the SVI of some communes in Quy Nhon city. Five communes were 
selected relied on some proposed criteria. Then households in these communes were investigated. 
Data from this survey was validated by some statistical techniques before it was used to calculate 
an SVI. Three steps were planned in this phase.  
a. Step 6 - To collect data  
To overcome limitations of using secondary data, this study collected primary data for SVI 
calculation through a household questionnaire survey. Three requirements were offered to this 
survey. Firstly, SVI needed to be calculated for different areas in Quy Nhon city in order to 
examine its suitability. Secondly, the SVI of whole Quy Nhon city could be computed through 
the calculated SVI of surveyed areas. Thirdly, selection of surveyed areas could be purposive, but 
investigated households must be randomly selected. In the research, a household survey protocol 
was proposed to solve these requirements. 
+ Survey design 
A four-stage cluster sampling was used: 
 Stage 1. Purposively select surveyed communes. 
 Stage 2. Randomly select surveyed areas in selected commune. 
 Stage 3. Randomly select surveyed households in selected area. 
 Stage 4. Investigate surveyed households. 
In Stage 1, five of the 21 communes in Quy Nhon were purposively selected. Drawing on the 
literature review in Chapter 2, factors of SVI which focused on aspects of exposure to natural 
hazards and socio-economic characteristics were associated with geography, urbanisation, and 
socio-economic characteristics. Therefore, these aspects were the basis to purposively select 
surveyed communes in Quy Nhon city. 
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Based on the guide of Vietnamese Government Statistics Office (GSO 2013), each commune was 
divided into between 20 and 60 areas, with each area having from 100 to 300 households. 
Therefore, a systematic sampling technique was used to randomly select surveyed areas in each 
commune, as well as surveyed households in each area in Stages 2 and 3. The selected 
households were investigated in Step 4. 
+ Sample size 
Teddlie & Tashakkori (2003) offer a method to select sample size based on population size and 
the confidence of the survey result. Similarly, WHO (2005) has suggested a method of sample 
size calculation based on the confidence limits of the survey result, the precision of the research 
design, and prevalence. This method was employed by Hahn, Riederer & Foster (2009) when 
they conducted a survey in order to calculate a livelihood vulnerability index of two districts in 
Mozambique. The formula for calculating sample size was represented by the equation: 
N = deff * (Z2 * p * q)/e2    (3.1) 
Where: 
N: Sample size 
Z: corresponds to the confidence limits of the survey result. The value of Z for 
confidence limits of 95% is 1.96 
p and q: correspond to the proportion of sample in the population who held a specific 
characteristic (p) or not (q). N will be maximum when a value of 0.5 is assigned to 
both (p) and (q).  
e: corresponds to the precision of the research designed, which is usually within 10% 
from the population mean, and (e) will be assigned a value of 0.10 
deff: corresponds to the design effectiveness. With a survey employing cluster 
sampling, a default value of 1.5 to 2.0 for deff is typically used.  
Based on Formula 3.1, the sample size of each commune in this research was calculated: 
N = 2.0*[(1.96)2*0.5*0.5]/(0.1)2 = 192 
Therefore, 200 households per commune were selected to be surveyed. This provided a total 
sample of 1,000 households in the five communes. To overcome an anticipated non-response rate 
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of 5% (see next section), a total of 1,050 households was investigated in this research. Six areas 
were randomly selected in each surveyed commune, with 35 households randomly selected in 
each area.  
+ Non-response 
There is a growing tendency towards non-participation in social science research (Bryman 2008). 
This problem can produce unacceptable reductions of sample size and bias (Vaus 2002). Key 
reasons for non-participation include difficulties in finding household addresses, not meeting a 
householder who can provide usable responses, and non-agreement of householder for 
interviewing. To overcome these issues, a survey should obtain about 20% non-responses (Vaus 
2002). However, in this study, the involvement of village leaders in contacting households in 
advance meant non-participation was unlikely to be a problem. Therefore, a non-response rate of 
5% was proposed.  
+ Survey team selection and training 
Because of the large number of households to be surveyed, a “working research partnership” 
(Weiss 1994) comprising a small survey team was used. The survey team was required to be: 
 - Familiar with the surveyed areas and local people. 
 - Knowledgeable about climate change and its social dimensions. 
 - Skilled in social communication. 
Based on these criteria, the survey team included members from the local Quy Nhon university. 
Ten university staff and students were selected from faculties related to climate change and social 
science, such as the Faculty of Geography, Faculty of Biology, and Faculty of Social Psychology.  
Village leaders were also invited to participate to help the survey team contact households, and 
provide supporting information about the surveyed households. 
All surveyors were trained in a short course by the principal investigator. This course introduced 
the project and relevant basic information about climate change issues in Quy Nhon city. The 
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survey team conducted a pilot with 30 surveyed households. This also served to test the 
questionnaire and served as practice. The data obtained was not be used in the research. 
+ Questionnaire 
The questionnaire was designed simply into four sections. Information about respondents, 
including their names, ages, educational levels, and occupational situations, was collected in 
the first section. The next three sections collected data associated with the three components 
– exposure, sensitivity, and adaptive capacity – respectively. The number of questions in 
these three sections was equal to the number of factors identified in the three components. 
The questions were designed in the form of “yes-no” questions. Therefore, the collected data 
was in binary style. 
b. Step 7 - To validate data 
The purpose of this step was to measure the reliability of data collected from the household 
questionnaire survey. Moreover, outputs of the data validation were the basis to revise factors. 
There were many tests to measure the reliability of data based upon the goals of research, and the 
characteristics of data (e.g. types of variables). The goal of this research was to establish and 
examine an SVI. The SVI and its factors were computed and compared across the five selected 
communes in the case study location. Indeed, it was necessary to test the association between SVI 
factors and studied areas. Moreover, all data from the household questionnaire were in binary 
form “yes-no”. Therefore, a Chi-square test was selected to measure the reliability of data from 
the household questionnaire (Urdan 2012). 
The Chi-square test for independence, also called Pearson's Chi-square test or the chi-square test 
of association, was used to determine if enough evidence existed to infer that two nominal 
variables were related, and that differences existed among two or more populations of nominal 
variables (Selvanathan, Selvanathan & Keller 2011).  Thus, the Chi-square test was used to assess 
relationships between the SVI’s factors and the surveyed areas. 
A Chi-square test for independence demands that the data meets two assumptions: 
 Assumption 1: Two variables should be measured at an ordinal or nominal 
level (i.e., categorical data). 
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 Assumption 2: Two variables should consist of two or more 
categorical, independent groups.  
In the study, the factors in the SVI and the surveyed areas were considered as two variables for 
the Chi-square test. All data related to SVI factors generated from the household questionnaire 
survey were in nominal form, thus they satisfied the above two assumptions. Similarly, as the 
survey was conducted in five independent areas, the latter also fitted requirements of the two 
assumptions.  
The Chi-square test was conducted through SPSS software. The null hypothesis was that two 
tested factors were independent, or that there was not enough evidence to indicate relationships 
between SVI factors and the studied areas. The level of significance for this test was set as 0.05. 
The p-value from Chi-square test was used to test the above null hypothesis. If the p-value was 
less than or equal to 0.05, the null hypothesis was rejected or there was enough evidence at the 
5% significance level to indicate relationships between two examined factors 
(NIST/SEMATECH 2012). This meant that this factor had association with the studied areas, or 
it could be used to reflect a specific characteristic of the surveyed areas. Indeed, this factor could 
be used for establishing the SVI. Conversely, if the p-value was greater than 0.05, the null 
hypothesis was correct, or the two tested factors were independent (NIST/SEMATECH 2012). It 
was accepted that there was no relationship between this factor and the studied areas, or this 
factor should not be used to reflect a specific characteristic of the surveyed areas. Therefore, this 
factor needed to be rejected in establishing an SVI. In this way, this step served as a tool not just 
for measuring the data reliability, but also for refining the factors of SVI. 
c. Step 8 - To calculate the SVI 
The validated data was used to calculate the SVI in this step. In the SVI calculation, scores and 
indices were computed for all levels of SVI (factors, sub-components, components, and SVI) and 
for all five studied communes. 
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+ To calculate the score for each factor 
The score of each factor in a specific studied area was calculated as an average of values received 
from assessments of all surveyed households on the factor in the area. This could be described in 
the following Equation 3.2. 
     (3.2) 
 Where 
  F: Score of a factor 
  Vi: Value of factor received from household i 
  N: Total households in a studied area 
+ To calculate the score of each sub-component 
The score of each sub-component was calculated using the following Equation 3.3, in which 
equal weight was employed, or each factor equally contributes to sub-component. 
     (3.3) 
Where 
  SC: Score of a sub-component  
Fi: Score of factor i in a sub-component 
N: Total factors in a sub-component 
+ To calculate the index of each component 
To calculate the index of each component, an equation was adapted from some previous studies 
(Sullivan 2002; Hahn, Riederer & Foster 2009; Shah et al. 2013). 
      (3.4) 
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Where 
  C: Index of a component  
SCi: Score of sub-component i 
ni: number of factors in sub-component i 
N: Total sub-components 
+ To calculate the SVI 
Based on the proposed mechanism for aggregating and accounting SVI in Chapter 2, SVI was 
calculated by the following Equation 3.5: 
SVI = CE*CS*(1-CAC)      (3.5) 
Where 
SVI: Social vulnerability index 
CE: Index of exposure component 
CS: Index of sensitivity component 
CAC: Index of adaptive capacity component 
3.3.2.3. Phase 4 - To propose policy implications for the case study 
Policy implications were proposed in Step 9 based upon the outputs of all previous phases and 
steps, especially Phases 2 and 3. While outcomes of Phase 2 (SVI establishment) revealed 
assessments about local stakeholders’ awareness on issues related to climate change, Phase 3 
(SVI calculation) indicated similarities and differences among calculated factors, sub-
components, components, and SVI in the five studied communes. These materials, together with 
literature review, were used as the basis for suggesting several adaptive strategies and actions for 
the case study. 
3.4. Constraints and Resolutions 
The several constraints in the methods were identified. This section describes them and explains 
the resolutions for overcoming these difficulties. 
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3.4.1. Practical concerns  
Interviewing is not a simple activity. Interviewers must establish dialogue, understanding, and 
empathy with interviewees. Furthermore, cultural and linguistic variations are significant, and 
every community has a special language, customs, and cultural norms, which affects the quality 
and quantity of information that interviewers can collect. To overcome this constraint, all survey 
team members were selected from local people to help reduce the gap between interviewers and 
interviewees. 
In Vietnamese coastal communities, most fishermen are men and they usually spend extended 
periods at the sea. So it can be difficult to include an equal number of male and female 
interviewees in some studied areas. This can considerably affect the research results. To 
counteract this limitation, interviewing was conducted during low fishing times, such as at the 
beginning of the lunar cycle or in the storm season (from June to September). 
Culturally, Vietnamese people do not want to talk to others about their properties and income. 
This is also a concern for ethics in research. Thus, confidentiality has to be assured as the primary 
safeguard against unwanted exposure (Christians 2000). Furthermore, it is possible that some 
participants may overemphasise losses they have suffered in the hope they would be supported 
more. Interviewers were trained to introduce themselves, the goals of the research, and the 
purpose of the interview in order to minimise such behaviour from interviewees.  
3.4.2. Ethical concerns 
Research may lead to harm, discomfort, or inconvenience for participants and others. Steps were 
taken to adopt the highest ethical standards in compliance with the RMIT ethics approval 
approach covering this research. For example, in Vietnam, it is problematic for a man to 
interview a woman because she may feel uncomfortable when in contact with strange men. 
Therefore, genders were matched between researchers and interviewees.  
3.4.3. Political concerns 
Authorities and legitimacy must be respected (Kellehear 1989). Working in the community in 
Vietnam meant that the research needed to be approved at political levels. In this study, 
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researchers obtained a letter of approval from the Quy Nhon People’s Committee. In addition, 
community leaders were involved in approaching individual households in the community.   
3.5. Summary 
The main purpose of this chapter is to describe the research design and methods using in this 
research. The two aims and four phases of the study were described. Firstly, Aim 1 (first phase) 
was outlined as focusing on developing a new SVI. In this phase, an appropriate conceptual 
framework of SVI, conceptions of SVI components, and a new mechanism for aggregating and 
accounting SVI were proposed. The next three phases in Aim 2 were designed to examine the 
proposed SVI and explore its applications. While Phase 2 was to establish an SVI which was 
suitable for Quy Nhon city, values of the SVI were calculated for the five communes in this city 
in Phase 3. The outputs of the first three phases were used as the basis to propose policy 
implications for the case study in the last phase. 
The qualitative and quantitative aspects of SVI demanded that a mixed methods research design 
needed to be used. The qualitative stage improved our understanding of factors within a system 
which were used to build up the SVI, and the quantitative stage allowed us to simulate SVI 
values of objects in forms of real numbers, which were easier for decision-makers. In the 
qualitative phase (Phase 2 – SVI establishment), a series of qualitative techniques, including 
Delphi survey approaches, key informant interviews, and focus group discussions, were 
conducted to identify factors of an SVI in the case study. Phase 3 was called the quantitative 
phase, in which the SVI was calculated based on the primary data from a household questionnaire 
survey. This survey was conducted in the five purposively selected communes with more than 
1,000 randomly selected households. All data generated from this survey was validated through a 
statistical test (Chi-square test) in order to measure the data reliability and to refine factors of the 
SVI. Besides these phases, a literature review was one of the main materials to propose a new 
SVI and its policy implications in Phases 1 and 4. 
The process of data collection and analysis implicitly held some constraints, including practical, 
ethical, and political concerns. This chapter proposed some resolutions for overcoming these 
limitations. 
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CHAPTER 4. SVI ESTABLISHMENT 
 
4.1 Introduction 
The target of this chapter is to describe the outputs of Phase 2, the qualitative phase, of the 
research. In this phase, factors and indicators within three components of an SVI in Quy Nhon 
city were identified through a combination of techniques, including a Delphi survey, in-depth 
interviews, and two focus group discussions. First, the Delphi survey and in-depth interviews 
were conducted to generate factors and their indicators for two components, exposure and 
sensitivity. Second, two focus group discussions (FGDs) were employed to explore factors and 
indicators related to adaptive capacity of households. Content analysis and statistical techniques 
were used to analyse data from these surveys. 
Twenty local experts and decision-makers were invited to the three-round Delphi survey. They 
were asked to list and rate factors within the exposure and sensitivity components using a five-
point Likert scale. The consensus level of this technique was set at 70%. Based on the outputs of 
this survey, in-depth interviews with 14 local experts and decision-makers who attended the 
Delphi survey were conducted to further explore reasoning around the proposed factors.  
The first FGD was organised with 10 local experts and decision-makers, and the second involved 
10 local village leaders. Participants in the two FGDs discussed and proposed factors and their 
indicators within five sub-components of the adaptive capacity elements. 
This chapter is divided into five sections. Following Section 4.1 “Introduction”, Section 4.2 
illustrates factors and indicators in the exposure and sensitivity components throughout the 
outputs of the Delphi survey and in-depth interviews. The outputs of the two focus group 
discussions with factors and their indicators in the adaptive capacity component are presented in 
Section 4.3. Section 4.4 discusses issues associated with three above surveys, and Section 4.5 
summarises the outputs of Phase 2. 
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4.2 Exposure and Sensitivity: Delphi Survey and In-Depth Interviews 
4.2.1 Delphi survey 
Twenty local experts were invited to participate in the three-round Delphi survey. They included 
16 men and 4 women. The average age of the expert panel was 48.05 and the age distribution was 
in a wide range (4 people under 40 years old; 6 people from 41 to 50 years old; 7 people from 41 
to 60 years old; and 2 people over 60 years old). The educational and occupational characteristics 
of the expert panel are presented in Table 4.1. 
Table 4.1 Delphi survey: Educational and occupational characteristics of the expert panel 
 
Education Occupation 
- 4 doctors 
- 6 masters degrees 
- 10 bachelors degrees 
- 3 experts from academic institutes 
- 1 expert from a local university (Quy Nhon University) 
- 12 officials from provincial agencies (People’s Committee of Binh 
Dinh Province) 
- 4 decision-makers from local government (Quy Nhon city) 
All expert panel participants had tertiary-level education, and half had higher degree certificates, 
including four doctorate degrees and six master degrees. Most were decision-makers working in 
governmental agencies at provincial and city levels. Others were from academic organisations, 
institutes, and a university.  Of the 20 participants in the expert panel, 14 were working in offices 
closely associated with climate change issues, such as the Binh Dinh Climate Change 
Coordination Office, Binh Dinh Department of Natural Resources and Environment, Quy Nhon 
Committee for Flood and Storm Control, and Quy Nhon Division of Natural Resources and 
Environment. Other experts had experience in relevant fields, such as agriculture or aquaculture. 
The diversity in educational and occupational characteristics of participants helped the researcher 
to obtain explicit understandings of local issues associated with social vulnerability to climate 
change, and to develop locally-appropriate SVI factors. 
The results of the Delphi survey are presented below, by round. 
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 Round 1 
In this round, 20 experts were anonymously identified from P1 to P20. This expert panel was 
asked the following two questions: 
1. Could you please list and explain (if you can) factors related to climate change in Quy 
Nhon city?  
2. Could you please list and explain (if you can) groups of people or households in Quy 
Nhon city who are susceptible to climate change? 
The purpose of the first question was to identify the factors within the exposure component. The 
factors in the sensitivity component were identified from Question 2. Data collected from Round 
1 were analysed using content analysis in order to group statements generated by the expert panel 
into similar areas (Keeney, Hasson & McKenna 2011). 
The panel identified a total of 26 factors associated with the exposure component (17 factors) and 
the sensitivity component (9 factors) in Quy Nhon city. Each factor was explored in detail by the 
experts. The list of factors in each component generated from Round 1, and their frequency of the 
responses and explanations, are presented in Tables 4.2 and 4.3. Moreover, the detailed outputs of 
Round 1 are also described in Appendix A. 
71 
 
Table 4.2 Round 1 Delphi survey: Factors in exposure component 
 
Factor Sub-component Explanations Frequency 
Rank by 
frequency 
Temperature Hazardous events Monthly mean of temperature rise (P1), especially in summer (P1, P11) 
Annual mean of temperature rises (P3, P7, P9, P13, P15) 
17/20 1 
Rainfall  Hazardous events Rainfall increases in rainy seasons and decreases in dry seasons (P1, P5, P7, P12, 
P13, P17) 
Shorter rainy periods (P2, P12, P15) 
Average annual rainfall increases (P9) 
16/20 2 
Floods  Hazardous events Frequency and intensity of floods increase (P8, P9, P12, P13, P20) 15/20 3 
Storms/ 
typhoons  
Hazardous events More difficult to forecast the spatial and temporal occurrence of storms; stronger 
storm intensity (P4, P7, P11, P13, P16, P20). 
13/20 4 
Droughts Hazardous events Intensity of drought increases, especially in dry seasons (P4, P7, P9, P12, P13) 12/20 5 
Saline intrusion  Hazardous events Area of saline intrusion and intensity increases, concentrating in coastline areas 
(P4, P7, P12) 
9/20 6 
Erosion  Hazardous events Erosion commonly occurs on the coasts, riverbanks, and Thi Nai lagoon banks 
(P4, P7, P12, P16, P20) 
9/20 6 
Sea level rise Hazardous events Sea level rises by 2.5 mm per year (P7, P9, P13) 9/20 6 
Tidal surges Hazardous events Amplitude of tidal surges (P8) 6/20 9 
Sand drifts  Hazardous events Sand drifts commonly occur in the Nhon Hoi economic zone (P14) 3/20 10 
Pollution and pandemic  Hazardous events Intensity of pollution and pandemic rises (P1) 3/20 10 
Lack of water  Hazardous events Lack of underground and surface water (P14) 3/20 10 
Number of sunny hours Hazardous events Average annual number of sunny hours decreases (P3, P20) 2/20 13 
Air humidity  Hazardous events Annual mean of air humidity decreases (P3, P20) 2/20 13 
Evaporation  Hazardous events Annual mean of evaporation rises (P3, P13) 2/20 13 
Monsoon  Hazardous events Monsoon period is shorter but intensity rises (P4) 2/20 13 
Siltation Hazardous events Siltation commonly occurs at deltas (P14) 2/20 13 
Where: Qn is mark of expert (n is from 1 to 20) 
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Table 4.3 Round 1 Delphi survey: Factors in sensitivity component 
 
Factor Sub-component Explanations Frequency 
Rank by 
frequency 
Aquaculture Socio-economic profile People or households working in fishing and/or aquaculture (P7, P12, P13, P16) 17/20 1 
Agriculture Socio-economic profile 
People or households working in agriculture, including cultivation and/or 
breeding (P12) 
16/20 2 
Old people Demographic profile People over 60-years-old (P7) 14/20 3 
Young people  Demographic profile People under 15-years-old (P7) 12/20 4 
Poverty  Demographic profile Households in poverty conditions based on the Government policy (P17, P20) 9/20 6 
Women  Demographic profile Female (P7) 8/20 7 
Illness  Demographic profile People with special medical needs or chronic illness (P7) 6/20 8 
Salt manufacture Socio-economic profile 
People or households working in salt farms at Nhon Binh and Dong Da wards 
(P7) 
4/20 9 
Immigrant Socio-economic profile 
People or households moving to current place from another one in the past five 
years (P7, P15) 
2/20 10 
 
Where: Pn is mark of expert (n is from 1 to 20) 
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Table 4.2 shows the 17 factors in the exposure component based on the local experts’ 
perspectives. All relate to natural hazard events which have occurred in Quy Nhon city in recent 
years. All were grouped in a unique sub-component; hazardous events. Some factors were 
readily recognisable in the context of climate change, for example, temperature rise and rainfall 
change. Others, such as storms/typhoons, floods, beach erosion and saline intrusion, reflect the 
conditions of coastal areas such as Quy Nhon city. Changes in temperature and rainfall were the 
two primary “exposure” factors mentioned by most experts, and were ranked in the top two in 
terms of frequency of responses. Following these factors, some specific events in coastal zones, 
such as floods, storms/typhoons and droughts, were in the top five and gained high frequencies. 
Some climatic events which were not easy to visualise, relating to sun availability, air humidity, 
evaporation and monsoon had the lowest frequencies (2/20).  
Reflecting intuitively on the Round 1 process provides for generalised insights into the way 
people might think about assessing impacts of climatic changes, it seems climatic events which 
are happening daily and can be easily felt or have serious effects are most likely to be instantly 
recallable and prioritised. Inevitably, there are limitations in the data obtained about climate 
change through this method, as with any other method.  
Throughout Round 1, the expert panel clearly described each factor. Several factors were 
mentioned and explained by only one expert, but most were clarified and confirmed by multiple 
participants. Most explanations focused on assessing the general frequency of hazardous events 
over time, such as the rise in annual mean temperature. Conversely, several factors were 
explained using detailed data. For example, three experts, P7, P9 and P13, confirmed that sea 
level rise is occurring by 2.5 mm per year in Quy Nhon city. Hazardous events were frequently 
used to explain factors, while some specific factors were related to specific locations. Hence: 
erosion was associated with coasts, riverbanks, and Thi Nai lagoon banks (P4, P7, P12, P16, 
P20), and sand drifts were associated with the Nhon Hoi economic zone (P14). Certainly, these 
factors and explanations reflected particular characteristics associated with climate change issues 
in Quy Nhon city. Some factors were described by one data type or element, such as the 
amplitude of tidal surges (P8), or the annual mean of air humidity decreases (P3, P20), yet many 
other factors were illustrated through two or three elements, such as rainfall increases in rainy 
seasons and decreases in dry seasons (P1, P5, P7, P12, P13, P17), but also that average annual 
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rainfall increases (P9), and period of the rainy seasons is shortening (P2, P12, P15). These 
detailed explanations of factors generated from Round 1 are very important for the researcher to 
understand climate change issues in Quy Nhon city, as well as to inform the design of questions 
in surveys. 
Table 4.3 presents nine factors in the sensitivity component generated from Round 1 of the 
Delphi survey. These nine factors in the sensitivity component could be grouped into two sub-
components: demographic profile, and socio-economic profile. The five factors in the 
demographic profile revealed specific demographic characteristics indicating susceptibility to 
climate change, for example, for young and old people, women, for people in poverty, and who 
are ill. The socio-economic profile sub-component contains four factors which present special 
socio-economic characteristics of groups of people or households, such as people or households 
who were working in agriculture, aquaculture, or salt manufacture, and immigrants. These 
specific groups are particularly sensitive to natural hazardous events in Quy Nhon city. 
Factors in the sensitivity component were also ranked by the frequency of the responses. 
Aquaculture and agriculture were the two fields which obtained the highest number of responses 
from the expert panel. People over 60-years-old or under 15-years-old were also of concern to 
more than a half of the expert panel, at 14/20 and 12/20, respectively. The salt manufacturing 
sector did not receive attention because salt yield in Quy Nhon city significantly decreased in 
recent times due to climate change, pollution, and price decreases. The area of salt manufacture 
was only 3-5 hectares and declining, and may be abandoned under the city’s policy (People’s 
Committee of Quy Nhon City 2014a). Similarly, the rate of immigration in Quy Nhon city in 
recent years is relatively low, only 0.03% per year (People’s Committee of Quy Nhon City 
2014b). 
The expert panel also explained in detail all the factors in the sensitivity component. While 
aquaculture was interpreted as people or households working in fishing and/or aquaculture (P7, 
P12, P13, P16), agriculture was understood as people or households working in cultivation 
and/or breeding (P12). Poverty was explained as households living under the poverty line as 
defined in the official policy of the Vietnamese government, earning under 6,000,000 VND per 
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person per year in the city, and 4,800,000 VND per person per year in rural areas (Decision of 
Vietnamese Prime Ministry, number 09/2011/QĐ-TTg on 30th January 2011). 
 Round 2 
In this round, the expert panel was asked to rate the level of importance of all the factors 
generated from Round 1, including the negative impact level of factors in the exposure 
component, and the susceptibility level of factors in the sensitivity component. Five-point Likert 
scales were used to assess these importance levels. The consensus level of this technique was set 
at 70%. The questions and detailed Likert scales used in Round 2 are described in Table 4.4.  
Table 4.4 Round 2 Delphi survey: Questions and 5-point Likert scale 
 
 Exposure component Sensitivity component 
Question Could you please rate the level of 
negative impact of each factor 
based on the 5-point Likert scale? 
Could you please rate the level of 
susceptibility of each factor based on the 
5-point Likert scale? 
5-point Likert scale 1 - not very serious 
2 - not serious 
3 - neither 
4 - serious 
5 - very serious 
1 - very unsusceptible 
2 - unsusceptible 
3 - neither 
4 - susceptible 
5 - very susceptible 
Statistical analysis using SPSS software was used to obtain the mean, consensus level, and 
standard deviation values for each factor in the exposure and sensitivity components. Outputs of 
Round 2 are presented in Tables 4.5 and 4.6. Detailed outputs of Round 2 also are presented in 
Appendix B. 
Table 4.5 Round 2 Delphi survey: Factors in exposure component 
Factor Sub-component Mean Consensus 
level 
(%) 
Standard 
deviation 
Rank by 
mean 
from 
Round 2 
Rank by 
frequency 
from 
Round 1 
Storms/typhoons  Hazardous events 4.20 40 0.768 1 4 
Erosion  Hazardous events 4.20 45 0.894 1 6 
Droughts Hazardous events 4.15 65 0.587 3 5 
Sand drifts  Hazardous events 4.15 55 0.671 3 10 
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Rainfall  Hazardous events 4.10 40 0.912 5 2 
Floods  Hazardous events 3.90 35 0.912 6 3 
Lack of water  Hazardous events 3.90 55 0.788 6 10 
Tide Hazardous events 3.85 50 0.813 8 9 
Temperature Hazardous events 3.75 45 0.970 9 1 
Saline intrusion  Hazardous events 3.75 55 0.639 9 6 
Siltation Hazardous events 3.75 40 0.851 9 13 
Pollution and pandemic  Hazardous events 3.65 55 0.587 12 10 
Sea level rise Hazardous events 3.55 40 0.887 13 6 
Evaporation  Hazardous events 3.35 50 0.813 14 13 
Monsoon  Hazardous events 3.25 45 0.786 15 13 
Air humidity  Hazardous events 3.05 50 0.826 16 13 
Number of sunny hours Hazardous events 2.65 45 0.875 17 13 
Table 4.6 Round 2 Delphi survey: Factors in sensitivity component 
Factor Sub-component Mean Consensus 
level 
(%) 
Standard 
deviation 
Rank by 
mean 
from 
Round 2 
Rank by 
frequency 
from 
Round 1 
Aquaculture Socio-economic profile 4.55 60 0.605 1 1 
Poverty  Demographic profile 4.40 55 0.821 2 5 
Agriculture Socio-economic profile 4.25 45 0.786 3 2 
Old people Demographic profile 4.05 60 0.759 4 3 
Salt manufacture Socio-economic profile 4.00 50 0.725 5 8 
Illness  Demographic profile 3.95 45 0.999 6 7 
Young people  Demographic profile 3.65 35 0.933 7 4 
Women  Demographic profile 3.60 50 0.598 8 6 
Immigrant Socio-economic profile 3.60 40 0.883 8 9 
Table 4.5 shows the assessments of the expert panel from Round 2 on 17 factors in the exposure 
component. Each factor is expressed in terms of mean, consensus level, and standard deviation 
values. Factors in this component were ranked again by their mean values. Compared with the 
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ranks by frequency in Round 1, ranks by mean values in Round 2 saw some changes. The top 
two factors in Round 1, temperature and rainfall, significantly decreased their rankings and 
dropped out of the top four in Round 2. Conversely, some factors closely associated with natural 
hazards in coastal areas, such as storms/typhoons, erosion, droughts, and sand drifts, increased 
their ranking. These changes were caused by the direction of rating, which was based on the 
negative impact level of factors in the exposure component. Consequently, some natural hazards 
that directly affected people and properties in Quy Nhon city, such as storms/typhoons, erosion, 
and droughts, were highlighted. Other climatic events with less clear quantifiable impacts, such 
as changes in average temperature and rainfall, were not highlighted by the expert panel. This 
explains why some factors, such as evaporation, monsoon, humidity, and number of sunshine 
hours received lower rankings. 
In contrast to changes in factor rankings in the exposure components between Rounds 1 and 2, 
the differences in factor ratings in the sensitivity component were not significant (see Table 4.6). 
Aquaculture and agriculture were still the most sensitive factors, and immigration still had the 
lowest rank. There were small changes in ranks of other factors; most notably, poverty 
(mean=4.40) was assessed as a very susceptible factor and was ranked second. 
Table 4.7 Round 2 Delphi survey: Distribution of consensus levels 
Consensus level (%) 35 40 45 50 55 60 65 
Number of factors 2 5 6 5 5 2 1 
Percentage (%) 7.69 19.23 23.08 19.23 19.23 7.69 3.85 
The distribution of consensus levels of 17 factors in two components is illustrated in Table 4.7. 
The consensus level among members of the expert panel for factors ranged from 35% to 65%. 
The most frequent consensus level is 45%, which was held by six factors (23.08%). Not factor 
reached consensus levels of 70% and above. This low level of consensus might be explained by 
two reasons. Firstly, it was very difficult to assess the importance level of factors related to 
climate change, owing to the complexity of climate change issues and their many uncertainties 
(Houghton et al. 2001). Secondly, the diversity in educational and occupational characteristics of 
the members in the expert panel might cause reasonable variation in assessing importance levels 
of factors. Due to these reasons, the researcher conducted a further round (Round 3) in order to 
78 
 
seek strengthened agreement in the expert panel. No factor from Round 2 did not reach the 
required consensus level (70%), so all of them were used in Round 3 (Keeney, Hasson & 
McKenna 2011). 
Regarding the outputs of standard deviations generated from Round 2, standard deviations of 26 
factors in the two components fluctuated in a small range, from 0.587 to 0.999, and all were 
lower than 1.0. This issue revealed that despite having a low level of consensus due to 
differences in education and occupation of the panel’s members, the variation in their 
assessments was not significant. This can be explained in two ways. First, climate change was 
ubiquitously recognised and directly affected everyone in Quy Nhon city, as well as all over the 
world, so people were readily able to provide relatively exact assessments. Second, most of the 
experts in the panel were working in organisations closely related to climate change issues, so 
their evaluations were expectedly convergent. 
 Round 3 
The questionnaire applied in Round 3 was designed to show the individual responses of each 
expert and the mean of the group responses. Experts were asked to reconsider their responses 
after Round 2, and rate again the level of importance of each factor using the same 5-point Likert 
scale used in that round. The generic question used in Round 3 was: Could you please rate again 
the level of negative impact/susceptibility of each factor based on the Likert scale?. Experts were 
advised that they did not have to change their original responses if they did not wish to. The 
mean, consensus level, and standard deviation of each factor were again obtained by employing 
statistics analysis software, and presented in Tables 4.8 and 4.9. The detailed outputs of Round 3 
are presented in Appendix B. 
Table 4.8 Round 3 Delphi survey: Factors in exposure component 
 
Factor Sub-component Mean Consensus 
level 
(%) 
Standard 
deviation 
Rank by 
mean from 
Round 3 
Rank by 
mean from 
Round 2 
Erosion  Hazardous events 4.15 75 0.553 1 1 
Storms/typhoons  Hazardous events 4.10 70 0.587 2 1 
Floods  Hazardous events 4.10 70 0.671 2 6 
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Droughts Hazardous events 4.10 80 0.447 2 3 
Sand drifts  Hazardous events 4.05 85 0.394 5 3 
Tide rise Hazardous events 4.00 70 0.562 6 8 
Rainfall  Hazardous events 3.95 70 0.686 6 5 
Lack of water  Hazardous events 3.95 90 0.510 6 6 
Siltation Hazardous events 3.95 70 0.686 6 9 
Saline intrusion  Hazardous events 3.95 75 0.489 10 9 
Temperature Hazardous events 3.85 80 0.587 11 9 
Pollution and pandemic  Hazardous events 3.80 80 0.410 12 12 
Sea level rise Hazardous events 3.75 80 0.550 13 13 
Evaporation  Hazardous events 3.65 65 0.745 14 14 
Monsoon  Hazardous events 3.30 60 0.671 15 15 
Air humidity  Hazardous events 3.00 90 0.324 16 16 
Number of sunny hours Hazardous events 2.90 85 0.553 17 17 
Table 4.9 Round 3 Delphi survey: Factors in sensitivity component 
 
Factor Sub-component Mean Consensus 
level 
(%) 
Standard 
deviation 
Rank by 
mean from 
round 3 
Rank by 
mean from 
round 2 
Aquaculture Socio-economic profile 4.65 75 0.587 1 1 
Poverty  Demographic profile 4.60 75 0.754 2 2 
Agriculture Socio-economic profile 4.20 70 0.523 3 3 
Old people Demographic profile 4.15 75 0.489 4 4 
Illness  Demographic profile 4.00 75 0.649 5 6 
Salt manufacture Socio-economic profile 3.95 75 0.510 6 5 
Young people  Demographic profile 3.85 70 0.671 7 7 
Women  Demographic profile 3.80 80 0.410 8 8 
Immigrant Socio-economic profile 3.75 80 0.550 9 8 
Compared to Round 2, rankings by the mean values of factors in both components, exposure and 
sensitivity, in Round 3 were not remarkably different. Specifically, seven of nine factors in the 
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sensitivity component obtained the same rankings in both rounds. Furthermore, the mean values 
of factors did not considerably change between the two rounds. Outputs of Round 3 confirmed 
again that, based on experts’ perspectives, erosion, storms, floods, droughts, and sand drifts were 
the top five serious hazardous events in the exposure component in Quy Nhon city. These were 
the five most frequent hazards that seriously affected Quy Nhon city as identified in previous 
research by IMHEN (2009a), IWE (2009) and Tien et al. (2010). Similarly, factors that received 
the highest mean values in the sensitivity component, such as aquaculture, poverty, and 
agriculture, were also assessed as the highest susceptible groups in Quy Nhon city.  
Table 4.10 Round 3 Delphi survey: Distribution of consensus levels 
 
Consensus level (%) 60 65 70 75 80 85 90 
Number of factors 1 1 7 7 6 2 2 
Percentage (%) 3.85 3.85 26.92 26.92 23.08 7.69 7.69 
In contrast to the lack of changes in rankings in Round 3, the consensus levels of the factors 
significantly increased. Most of the factors gained consensus levels more than 70. The 
distribution of consensus levels of factors from Round 3 is expressed in Table 10. The consensus 
levels of the 26 factors were in the range of 60% to 90%. The most frequency of consensus level 
is 75%, which was held by eight factors (26.92 %). Only two factors in the exposure component, 
evaporation and monsoon had consensus levels under 70. Simultaneously with increases of 
consensus levels, standard deviation values of factors in Round 3 significantly decreased 
compared to Round 2, fluctuating in a range from 0.394 to 0.754. These outputs revealed that the 
expert panel had a higher agreement in assessing importance levels of factors. Due to most of the 
factors reaching strong levels of consensus (≥70%), the Delphi survey was stopped after three 
rounds (Keeney, Hasson & McKenna 2011). 
 Selection of factors 
According to the outputs of the Delphi survey, local experts suggested 26 factors in two 
components, 17 factors in the exposure component and nine factors in the sensitivity component. 
Most of these factors were held in common and closely associated with climate change issues in 
Quy Nhon city. Certainly all of them could be used to establish an SVI for the case study. 
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However, using all these factors in developing an SVI provides a range of challenges. Firstly, the 
number of factors might be too large for an SVI, and it would create a very complex composite 
index (Nardo et al. 2005). Furthermore, some factors had low consensus levels (<70%), such as 
evaporation (65%) and monsoon (60%) – these should be rejected based on Delphi survey theory 
(Keeney, Hasson & McKenna 2011). Additionally, some factors gained low mean values, such 
as air humidity (3.00) and number of sunny hours (2.90), hence they should be removed because 
of their low importance levels to climate change issues in the case study. Secondly and 
importantly, there were an unequal number of factors between two components (17 and 9) which 
could generate an unbalanced composite index (Nardo et al. 2005). 
Based on these issues mentioned above, the selection of factors relied on two assumptions: 
firstly, the relative balance in the number of factors between components, and secondly, relative 
satisfaction values of consensus levels and importance levels (based on mean values). 
Corresponding to these assumptions, the researcher chose to keep all nine factors in the 
sensitivity component, and to select the top 10 factors in the exposure component in order to 
develop an SVI. This decision not only satisfied a balance in the number of factors between 
components, but also received all of factors with high mean values (≥3.75) and consensus levels 
(≥70%). These selected factors were used in the next stage, the in-depth interviews. 
4.2.2 In-depth interviews 
The in-depth interviews were designed to assist with validation and explanation of the factors 
generated from the Delphi survey, and to provide indicators of the factors based on local experts’ 
perspectives. Participants in the interviews were selected professionals in the climate change 
field. It was preferred to select experts who participated in the Delphi survey because they were 
familiar with the research, and already understood detailed issues associated with climate change 
in Quy Nhon city. Ten man and 4 women of 20 experts participated in the Delphi survey were 
invited in the in-depth interview survey. They were from 30 to 69 years old and the average age 
of them was 48.07. All of them were working in offices closely associated with climate change 
issues. 
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 Factors explanations 
The first target of the interview survey was to explain in detail the information related to the 19 
selected factors from the Delphi survey. This information was used to design a questionnaire, as 
well as to train surveyors in the household questionnaire survey in next step. Moreover, detailed 
information on factors was used as supplemental sources in applying the SVI, for example, 
building strategies for responding to climate change. 
Participants were asked to discuss the 19 selected factors as follows: firstly, factors’ 
explanations, including factors’ occurrence, causes, and impacts, and secondly, factors’ 
behaviour over time or their frequencies. The 14 experts were anonymously identified from I1 to 
I14. Their responses were coded and analysed using content analysis techniques. The detailed 
outputs of this survey are described in Appendix C. Tables 4.11 and 4.12 illustrate the experts’ 
perspectives, generated from the interview survey for factors in each component, exposure and 
sensitivity, respectively.  
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Table 4.11 In-depth interviews: Explanations of factors in exposure component 
Factors Explanation (Occurrence, causes and impacts) Tendency (past and future) 
Erosion Erosion normally occurred in the beaches, river and lagoon banks (I1, I2, I3, I4, 
I5, I8, I11, I13, I14). 
Erosion was caused by tidal surges, sea level rise, rain and storms (I8, I14). 
Furthermore, it was caused by urbanisation (I4, I14). 
Erosion really was a dangerous problem in Quy Nhon city (I4). It seriously 
affected resident houses (I2, I5, I11, I14). 
Erosion was a serious hazard in the past (I1, I5) 
Erosion will increase in future owing to climate change (I2, 
I14),  
Erosion may decrease in future because of improvements of the 
sea and river dyke systems (I3, I5, I13). 
Storms/ 
typhoons 
Storms occurred and affected on whole Quy Nhon city every year (I1, I3, I4, I5, 
I8, I10). 
Storms seriously impacted on residences (I1, I2, I14), aquaculture (I1, I9, I10, 
I11, I12, I14) and agriculture (I10, I11, I14). 
Spatial and temporal distribution of storms changed irregularly 
over time, so their occurrences were very complex and difficult 
to forecast (I1, I3, I4, I6, I7, I8, I9, I10, I11, I13, I14). 
Intensity and impacts of storms significantly increased in the 
recent years (I8, I10, I13, I14), and they will continuously 
increase in the future (I2, I3, I5, I9, I14). 
Floods Floods occurred every year in lowland areas in Quy Nhon city, such as Nhon 
Binh and Nhon Phu wards (I3, I5, I9, I12). 
Floods were caused by heavy rain in Quy Nhon city and upstream areas (I1, I2, 
I3, I4, I5, I7, I10, I12, I13) and storms (I12), simultaneously with situations of 
forest destruction (I4, I13). Furthermore, tidal surges and sloping topography 
were supplemental elements which increased intensity and damage of floods 
(I10). 
Floods negatively impacted on many areas in Quy Nhon city, especially 
agriculture (I1, I3, I9, I11, I14), and aquaculture (I1, I2, I3, I7, I11, I12, I14). 
Floods also had some benefits, such as depositing sediment and breeding stocks 
for aquaculture (I3), and decreasing saline intrusion (I14). 
Frequency of floods did not change (I1, I6, I7, I9, I14), but their 
intensity significantly increased in recent years (I1, I3, I4, I11, 
I12, I14). 
Intensity and impacts of floods will increase in future (I9, I10). 
Impacts of floods may decrease in future because of 
improvements of drainage systems (I8, I13). 
  
Droughts Droughts were common in Quy Nhon city in dry seasons and caused by a 
decrease of rainfall in dry seasons (I1, I7) or a combination of west-south 
monsoon and lack of rainfall (I4, I10, I14). 
Droughts seriously affected agriculture (I1, I3, I6, I7, I14) and aquaculture 
(I11). 
Droughts might cause saline intrusion (I7), forest fire (I10, I14). 
Droughts helped increase productivity of salt manufacture (I3). 
Droughts were common and dangerous in the past (I1, I4, I12), 
they will be still common and risky hazards in future (I5, I7, I8, 
I9, I14). 
Impacts of droughts may decrease in future (I1, I3, I12) owing 
to improvements of water supply systems (I1, I3). 
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Sand drifts Sand drifts usually happened in Nhon Hoi and Nhon Ly communes. While the 
main cause of sand drifts in Nhon Hoi economic zone was from artificial 
activities, it was from natural activities in Nhon Ly commune (I4, I5, I7, I8, 
I13). 
Sand drifts largely impacted on operations of the Nhon Hoi economic zone (I5, 
I8, I13). 
Sand drifts will decrease in Nhon Hoi economic zone when this 
zone stably operates in the near future (I4, I8). 
Tidal 
surges 
Tidal surges occurred and directly impacted on areas nearly the sea and Thi Nai 
lagoon (I1, I11). 
Tidal surges considerably affected aquaculture (I2, I11) and agriculture (I7). 
Tidal surges caused erosion (I2), siltation (I2), saline intrusion (I7, I14), and an 
increase of flooding duration (I1, I14). 
Amplitude of tide and period of flood-tide considerably 
increased (I2). 
Tidal surges will be more dangerous in future because of sea 
level rise (I2, I7, I14). 
Rainfall Change of rainfall affected agriculture (I6, I8, I12, I14), aquaculture (I9), and 
salt manufacture (I2, I8, I9). 
An increase of rainfall caused floods (I1, I4, I10, I14), but a decrease caused 
droughts (I1, I14). 
Rainfall changed significantly among seasons in a year, but 
average annual rainfall was relatively stable in the past (I1, I3, 
I4, I8, I9, I10, I13, I14). 
Average annual rainfall may increase in future (I8). 
Lack of 
water 
Lack of water normally occurred in dry seasons in Quy Nhon city (I7, I11, I14) 
and it was very common and serious in Nhon Hai and Nhon Ly communes (I3). 
Lack of water was caused by a decrease in rainfall (I11) and an increase of 
activities exploiting and using underground water (I1). 
Lack of water impacted on water supply systems (I7, I8, I14) and agriculture 
(I7, I8). 
Lack of water will increase in future because an increase of 
global temperature (I8, I11). 
Siltation Siltation was not common in Quy Nhon city (I5). 
Siltation affected areas in delta and embouchure in Quy Nhon city, especially 
on coral reefs (I1) and through traffic of fishing boats (I1, I13). 
Siltation won’t be dangerous in future (I5). 
Saline 
intrusion 
Saline intrusion was very common in areas near the sea and Thi Nai lagoon, 
especially Nhon Binh and Nhon Phu wards (I2, I3, I4, I6, I7, I8, I12, I13). 
Saline intrusion was caused by tidal surges (I1, I3, I5, I9, I12, I14 and lack of 
rain and floods (I3, I14).  
Saline intrusion was caused by artificial activities (I7). 
Saline intrusion directly impacted on agriculture (I2, I3, I4, I5, I8, I9, I12, I14), 
aquaculture (I6, I8, I9), and underground water (I5). 
 
There were increases of areas and impacts of saline intrusion in 
Quy Nhon city in the past (I6, I7). 
Areas and impacts of saline intrusion will increase in future (I2, 
I4, I6, I7, I8, I9, I14) because of sea level rise (I4, I6, I8, I9). 
Impacts of saline intrusion won’t increase in future because of 
improvements of dyke systems (I11, I13). 
 
 
Where: In is mark of expert (n is from 1 to 14) 
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Table 4.12 In-depth interviews: Explanations of factors in sensitivity component 
Factor Sub-component Explanation (Conception and sensitivity) Tendency (past and future) 
Old people Demographic 
profile 
People are over 60-years-old (I4, I6, I8, I9, I10, I12, I14) 
People are over the age of retirement, 60 for men and 55 for women 
(I1). 
Old people are normally limited in the health and financial resources 
which are necessary to respond to climate change (I3, I4, I7, I8). 
Rate of old people will increase in future (I3, I6, I7, I8). 
It is unclear in changes of percentage of old people (I1, I4). 
Young people Demographic 
profile 
People are under 15-years-old (I2, I4, I6, I8, I10, I14). 
People are under 6-years-old (I1, I9, I12). 
Young people are normally limited in the health and financial 
resources which are necessary to respond to climate change (I2, I3, 
I4, I7). 
Rate of young people will increase in future (I2, I3, I6, I7, 
I8). 
It is unclear in changes of percentage of young people (I1, 
I4). 
Women Demographic 
profile 
Sensitive women in context of climate change can be defined as 
female (I3, I7, I8, I10), female as head of households (I4, I5, I6, I14) 
and single mothers (I2). 
Women are always very easily impacted by changes of climate (I2, 
I4, I5, I7, I8, I12, I14). 
Rate of women is stable over time (I3, I7, I8). 
Changes of rate of households with female heads is unclear 
(I4, I5, I14). 
Rate of households with single mothers will increase in 
future (I2). 
Sensitivity of women to climate change won’t be 
considerable in future because of improvement in equity 
between men and women (I12). 
Illness Demographic 
profile 
People get illness often (I2, I6, I8, I13, I14) 
People become disabled (I4).  
Ill people are not well enough to respond to hazards (I2, I6, I8). 
Rate of illness tends to increase because of environmental 
pollution (I6, I13). 
Rate of disabled people will decrease in future because of 
improvements in medical care (I4). 
Poverty Socio-economic 
profile 
People or households who are living under poverty line based on 
government decision (I4, I5, I8, I14). 
Rate of poor households in Quy Nhon city is not remarkable (I1, I5).  
Poor people or households are always seriously impacted by climate 
change (I3, I4, I5, I8, I14) because they lack the resources for 
overcoming damages of natural hazards (I3, I4). 
Poverty decreased in the past (I5) and will decrease in 
future (I1, I3, I4, I5, I8, I9, I14) because of economic 
developments (I1, I5, I14). 
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Agriculture Socio-economic 
profile 
Agriculture included cultivation and breeding activities (I1, I2, I10, 
I14). Cultivation was common in some wards, such as Nhon Binh, 
Nhon Phu, Bui Thi Xuan and Tran Quang Dieu (I2, I3, I5, I8, I9, I10, 
I12).  
While cultivation was seriously affected by climate change, 
especially storms, floods, droughts, and saline intrusion (I1, I2, I3, I4, 
I5, I6, I7, I8, I9, I10, I11, I12, I13, I14), breeding was not remarkably 
impacted (I2, I6, I10). 
Agriculture activities and number of farmers decreased in 
the past (I3) and will continuously decrease in future (I1, 
I2, I3, I4, I5, I7, I8, I9, I11, I12, I13, I14) because of 
climate change (I11, I13), urbanisation (I4, I5, I7, I8, I11, 
I12), socio-economic development (I2, I3, I5) and pollution 
(I11). 
Aquaculture Socio-economic 
profile 
Aquaculture, including fishing and aquaculture (I1, I2, I3, I7, I8), was 
common in areas nearly the sea and inside the Thi Nai lagoon (I1, I2, 
I3, I6, I8, I9, I11, I12, I14). 
Aquaculture was seriously affected by climate change (I1, I2, I3, I5, 
I6, I7, I8, I9, I10, I11, I12, I14), especially by storms (I1, I2, I3, I5, 
I6, I12), changes of rainfall (I1, I3), floods (I1, I6, I9) and 
environmental pollution (I3, I11). 
Aquaculture caused saline intrusion (I7, I14) and environmental 
pollution (I14). 
Aquaculture activities decreased in the past (I1, I3, I14) 
and will continuously decrease in future (I1, I3, I5, I6, I8, 
I9, I11, I13, I14) because of impacts of climate change (I5, 
I12), exhaustion of breeding stocks (I3, I5, I12), socio-
economic developments (I6, I11), and pollution (I11). 
Salt manufacture Socio-economic 
profile 
Salt manufacture was not common in Quy Nhon city (I1, I7), only 
occurred in Dong Da and Nhon Binh wards (I3, I6, I7, I14). 
Salt manufacture was seriously affected by climate change (I2, I6, I7, 
I11), especially by irregular changes of rainfall (I2, I6, I7, I11), 
droughts (I7) and storms (I11). 
Salt manufacture will decrease (I2, I6, I7, I9, I11) and 
eventually cease (I1, I14) in Quy Nhon city in future. 
Immigration Socio-economic 
profile 
People or households moved to current places from another one in the 
past five years (I5, I10, I14). 
Immigrants were very sensitive to natural hazards because they 
lacked experience in responding to these events (I6, I14). 
Rate of immigrants will increase in future in Quy Nhon 
city (I2, I5, I6, I10, I13, I14) because of urbanisation (I2, 
I5, I13). 
 
Where: In is mark of expert (n is from 1 to 14) 
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Tables 4.11 and 4.12 show the synthethised information related to the factors in exposure and 
sensitivity components generated from the interview survey. This information is detailed and 
focuses on two issues: firstly the explanation of factors, including occurrence, causes, and 
impacts of each factor in the exposure component, and the conception and sensitivity of each 
factor in the sensitivity component, and secondly, the tendency of factors to occur, involving 
changes of factors in the past and in the future.  
There was general agreement in the main explanations of each factor between the two surveys: 
the Delphi survey and in-depth interviews. This issue could be explained by the fact that 
interviewees also participated in the Delphi survey. However, when comparing descriptions on 
each factor from the Delphi survey, the explanations generated from the interview survey were 
more comprehensive. Ten hazardous events in the exposure component were described in terms 
of their occurrence (locations of their occurrence), causes (originated reasons) and impacts 
(impacted objects). Nine sensitive factors in the sensitivity component were clarified in regard to 
their conceptions and susceptibility to climate change. All these factors were also defined by 
their frequency in the past and in the future. 
Most of the perspectives described in Tables 4.11 and 4.12 were supported by some respondents. 
However, there were some ideas which were offered by only one interviewee. For example, only 
interviewee I7 mentioned that “droughts might cause saline intrusion”, and only interviewee I5 
suggested “sensitive women can be represented as single mothers”. Conversely, some viewpoints 
received the agreements of most of the 14 interviewees. For example, 11 of the 14 interviewees 
confirmed that “spatial and temporal distribution of storms changed irregularly over time, so 
their happenings were very complex and difficult to forecast”, and 12 of the 14 interviewees 
asserted “aquaculture was seriously affected by climate change”. 
Generally, most factors received similar explanations from the experts. However, there were 
divergences. For example, two experts speculated that “erosion will increase in the future owing 
to climate change” (I2, I14), while others suggested that “erosion may decrease in the future 
because of improvements of the sea and river dyke systems” (I3, I5, I13). Similarly, the impacts 
of droughts were forecasted to increase in the future by some experts, but others predicted their 
tendency to decrease owing to improvements in water supply systems. Divergence in experts’ 
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perspectives was more common in the exposure component than in the sensitivity component. In 
the same way, contradictory opinions were more common in predictions on tendencies of factors 
than in their explanations. 
Besides the information synthesised in Tables 4.11 and 4.12, interviewees also offered 
explanations and clarifications for each selected factor. For example, nine experts provided 
information associated with erosion. They asserted that erosion mostly happened to beaches, 
riverbanks, and lagoon banks with some specific areas, such as Nhon Chau, Nhon Hai, and Nhon 
Ly communes, as well as some wards in urban areas. For example, I2 added: “Erosion 
significantly impacted Nhon Hai commune in the past, damaging 52 houses in the period from 
1998 to 2005. It also destroyed the row of coconut trees on the beach in Nhon Chau commune.” 
The main causes of erosion in Quy Nhon city were storms, tidal surges, and heavy rain, and 
damage to housing was the impact reported. I1 predicted that, while erosion was not serious in 
the past, it:  “will significantly increase in the future under climate change”.  
With input from 11 experts, the factor storms was also expanded upon. The specific 
characteristic of storms was described as localised, with varying spatial and temporal 
distributions. For example, I9 described that: “Normally, storms occur from June to November 
and affect all areas from north to south. However, storms in southern areas have been more 
common in the first quarter in several recent years, and in north areas, the main period is the 
fourth quarter. The reason might be a shift of storms seasons.” Furthermore, the intensity of 
storms was reported as increasing, and expected to continue to increase in the future (I2, I3, I5, 
I9, I14). Some experts took the view that storms often occur simultaneously with floods, heavy 
rain, and tidal surges (I9, I11). As a result, storms act as catalysts for a range of impacts that 
together seriously affect people, properties, and socio-economic sectors in Quy Nhon city, 
especially affecting housing, agriculture, and aquaculture. “Storms were the most serious natural 
hazards which directly affected Quy Nhon city in the past,” I13 emphasised.  
Outputs of the in-depth interviews also helped provide more comprehensive accounts of climate 
change issues in general, as well as those specific to the case study region. Furthermore, they 
revealed accounts of events that have both impacts and benefits. For example, floods were also 
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credited with depositing sediment and breeding stocks for aquaculture (I3), and decreasing saline 
intrusion (I14). Likewise, droughts could help increase the productivity of salt manufacture (I3). 
There was a variety of expert perspectives on factors in the sub-component demographic profile. 
For instance, the factor old people could be expressed by people over 60-years-old (I4, I6, I8, I9, 
I10, I12, I14) or over the age of retirement, at 60 for men and 55 for women (I1). Similarly, the 
sensitivity factor women (as gender) in the context of climate change could be defined variously 
as female (I3, I7, I8, I10), females heading households (I4, I5, I6, I14) or single mothers (I2). 
Nevertheless, most of the 14 interviewees had the same opinion that all factors in the sub-
component demographic profile, including young people, old people, women, and illness, were 
very sensitive to climate change, and should be used for developing an SVI, however they did 
not specifically reflect the characteristics of the case study, in the manner of other factors.  
 Indicators 
One important target of the in-depth interviews was to explore factors in two components 
(exposure and sensitivity) through local experts’ perspectives. Based on the direction of the 
research, which was designed to develop SVI data at the household scale (see Chapter 3), experts 
were asked in the in-depth interviews to suggest indicators for each factor which closely 
associated with exposure and sensitivity issues at the household scale. The experts’ perspectives 
on these issues are synthesised in Table 4.13. 
Table 4.13 In-depth interviews: Indicators in exposure and sensitivity components 
Component Sub-component Factor Indicator 
Exposure Hazardous events 
 
Erosion Percentage of households being directly impacted 
by soil erosion in the past five years. 
Storms Percentage of households being directly impacted 
by storms in the past five years. 
Floods Percentage of households being directly impacted 
by floods in the past five years. 
Droughts Percentage of households being directly impacted 
by drought in the past five years. 
Sand drifts Percentage of households being directly impacted 
by sand drifts in the past five years. 
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Tidal surges Percentage of households being directly impacted 
by tidal surges in the past five years. 
Rainfall Percentage of households being directly impacted 
by change of rainfall in the past five years. 
Lack of water Percentage of households being directly impacted 
by lack of water in the past five years. 
Siltation Percentage of households being directly impacted 
by siltation in the past five years. 
Saline intrusion Percentage of households being directly impacted 
by saline intrusion in the past five years. 
Sensitivity Demographic 
profile 
 
Old people Percentage of households with at least one member 
over 60-years-old. 
Young people Percentage of households with at least one member 
under 15-years-old. 
Percentage of households with at least one member 
under 6-years-old. (*) 
Women Percentage of households with female as head. 
Percentage of households with single mothers. (*) 
Illness Percentage of households with at least one member 
with chronic illness. 
Percentage of households with at least one disabled 
person. (*) 
Socio-economic 
profile 
 
Poverty Percentage of households living under the poverty 
line. 
Agriculture Percentage of households with agriculture as the 
main source of income. 
Aquaculture Percentage of households with aquaculture as the 
main source of income. 
Salt manufacture Percentage of households with salt manufacture as 
the main source of income. 
Immigration Percentage of households who moved to the current 
place from another area in the past 5 years. 
Where (*) presents an unselected indicator 
There was a high level of agreement on the proposed indicators from the local experts. 
Regarding the exposure component, most experts suggested using a common indicator 
“percentage of households being directly impacted by a specific hazardous event in the last five 
years”, as a representative factor. Certainly, there were still some other suggestions, for example 
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“percentage of households being directly impacted by a specific hazardous event in the last 
one/or three years”, or “percentage of households with destroyed houses from a specific 
hazardous event”, or “percentage of households with injury and/or death from a specific 
hazardous event”. However, these suggestions were not selected for three main reasons. First, 
they received low frequency of responses from the interviewees. Second, they do not 
comprehensively reflect specific characteristics of the factors, particularly the general impact of 
natural hazards. For example, destroyed houses or injury and/or death from a specific hazardous 
event only partly represented the negative impacts of this event. Thirdly, proposals to assess 
impacts of hazardous events “in the last one/or three years” were not appropriate, because these 
periods might be too short to evaluate the impacts of climatic events. The period of five years 
was found to be suitable and preferred in recent research (Shah et al. 2013; Ahsan & Warner 
2014). As a result, the above common indicator was selected. Moreover, this selection also 
produced compatibility in indicators across 10 factors in the exposure component. 
In terms of the sensitivity component, six of the nine factors received similar perspectives on 
their indicators from the experts. Other factors received two suggested indicators. The 
differences in suggested indicators originated from different opinions about conceptions of 
factors, especially factors in sub-component demographic profiles (see Table 4.12). Three 
interviewees, I1, I9 and I12, suggested that young people are people under 6-years-old, so they 
proposed the indicator “percentage of households with at least one member under 6-years-old”. 
However, most of the interviewees thought young people could be represented by people under 
15-years-old, and thought the indicator “percentage of households with at least one member 
under 15-years-old” was appropriate. The latter was selected because it gained a high frequency 
of responses. Furthermore, people under 15-years-old are not in the labour force based on the 
Vietnamese labour laws, so they are considered minors and are unlikely to have direct resources 
of their own. In another example, interviewee I2 proposed “single mothers” as a representative of 
women particularly vulnerable to climate change in the sensitivity factor, so the indicator of this 
factor should be “percentage of households with single mothers”. However, households with 
single mothers were also households with female heads of families, which was mentioned by 
most of the experts. Therefore, “percentage of households with female as heads” was selected as 
the official indicator of factor women. This indicator has been used in many previous studies 
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(Wu, Yarnal & Fisher 2002; Kleinosky, Yarnal & Fisher 2007; Oxfarm America 2009; Hahn, 
Riederer & Foster 2009; Bjarnadottir, Li & Stewart 2011; Siagian et al. 2014).  
Regarding the factor illness, the indicator “percentage of households with at least one member 
having a chronic illness” was selected because it received more proposals than the indicator 
“percentage of households with at least one disabled person”. This indicator was also used in 
recent research (Hahn, Riederer & Foster 2009; Shah et al. 2013). 
4.3 Adaptive Capacity: Focus Group Discussions 
4.3.1 Participants 
Two focus group discussions (FGDs) were conducted in order to explore factors within the 
adaptive capacity component and their indicators. To provide a deep understanding of these 
factors, both focus groups discussed the same content, but included participants from different 
groups of people. While the first focus group was organised with the participation of 10 local 
experts and decision-makers, the second one involved 10 village leaders. The participants got the 
average age of 50 and included both of male and female.  
4.3.2 Factors identification and explanations 
Participants in both FGDs discussed two main issues: factors in the adaptive capacity component 
and their explanations, and also indicators of those factors. Factors in the adaptive capacity 
component were divided into five sub-components: human, financial, social and political, 
physical, and natural capital. A number of the suggested factors generated from the two FGDs 
are illustrated in Table 4.14. There was a total of 24 factors suggested by experts and local 
leaders in the two FGDs (16 factors from the first FGD and 17 factors from the second FGD), of 
which nine factors were common to both groups. Amongst these, human capital had seven 
factors in common, whereas natural capital had only two.  
 
 
 
93 
 
Table 4.14 Focus group discussions: Number of factors  
 
Sub-component First FGD Second FGD Same factor Total factors 
Human capital 7 4 3 8 
Financial capital 3 3 2 4 
Social  and political capital 1 4 1 4 
Physical capital 4 5 3 6 
Natural capital 1 1 0 2 
Total 16 17 9 24 
Furthermore, the experts from the first and second FGDs also discussed and explained in detail 
their suggested factors in Tables 4.15 and 4.16, respectively. 
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Table 4.15 First focus group discussion: Factors in adaptive capacity component 
 
Sub-
component 
Factor Explanation 
Conception Relation to adaptive capacity 
Human 
capital 
Gender Ratio of male to total number of household 
members 
The larger the ratio of male to total number of household members, 
the better their adaptive capacity. 
  Age Ratio of household members in working age 
to total household members 
 The larger the ratio of household members in working age to total 
household members, the better their adaptive capacity. 
  Education (*) Education levels of household members The higher the education levels of household members, the better 
their adaptive capacity. 
  Health Ratio of household members having health 
insurance or free health care to total number 
of household members 
The larger the ratio of household members having health insurance 
or free health care to total number of household members, the 
better their adaptive capacity. 
  Knowledge (*) Knowledge levels of household members 
about climate change issues 
The higher the knowledge levels of household members about 
climate change, the better their adaptive capacity. 
  Experience (*) Experience levels of household members 
about climate change issues 
The higher the experience levels of household members about 
climate change issues, the better their adaptive capacity. 
  Occupation Households with at least one member 
working in government offices 
Households with any member working in government offices have 
better adaptive capacity. 
Financial 
capital 
 Households income (*) Total income of households The higher the total income of households, the better their adaptive 
capacity. 
  Income diversity Diversity of income sources household 
members can earn 
The more diversity of income sources from which household 
members can earn, the better their adaptive capacity. 
  Insurance diversity (*) Diversity of types of insurance, including 
financial and social insurances, households 
hold 
 
The more diversity of types of insurance, including financial and 
social insurances, households hold, the better their adaptive 
capacity. 
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Social  and 
political 
capital 
Social networks (*) 
•  
Diversity of formal and/or informal social 
networks household members join 
The more diversity of formal and/or informal social networks 
household members join, the better their adaptive capacity. 
Physical 
capital 
House quality (*) 
•  
Quality of households’ houses The better the quality of households’ houses, the better their 
adaptive capacity. 
 Communicative  
media (*) 
Diversity of communicative media that 
households possess and use 
The more diversity of communicative media that households 
possess and use, the better their adaptive capacity. 
 Transportation (*) Diversity of transport that households 
possess and use 
The more diversity of transport that households possess and use, 
the better their adaptive capacity. 
 Emergency equipment 
•  
Diversity of emergency equipment that 
households possess and use such as life-
buoys, life-jackets, first-aid kits 
The more diversity of emergency equipment that households 
possess and use, the better their adaptive capacity. 
Natural 
capital 
Productive land and/or 
water 
Diversity of productive lands and/or water 
that households possess 
The more diversity of productive lands and/or water that 
households possess, the better their adaptive capacity. 
(*) the factor was similar in two FGDs 
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Table 4.16 Second focus group discussion: Factors in adaptive capacity component 
 
Sub-
component 
Factor Explanation 
Conception Relation to adaptive capacity 
Human 
capital 
Household size Number of household members The larger the number of household members, the better their 
adaptive capacity. 
 Education (*) Education levels of household members  The higher the education levels of household members, the better 
their adaptive capacity. 
 Knowledge (*) Diversity of training courses and/or 
conferences about climate change issues 
which household members attended 
The more diversity of training courses and/or conferences about 
climate change issues which household members attended, the 
better their adaptive capacity. 
 Experience (*) Experience levels of household members on 
responding to hazardous events 
The higher the experience levels of household members on 
responding to hazardous events, the better their adaptive 
capacity. 
Financial 
capital 
Household income (*) Total income of households The higher total income of households, the better their adaptive 
capacity. 
 Insurance diversity (*) Diversity of households’ properties insurance The more diversity of households’ properties insurance, the better 
their adaptive capacity. 
 Use of loans Diversity of sources of financial loans 
households can access 
The more diversity of sources of financial loan households can 
access, the better their adaptive capacity. 
Social  and 
political 
capital 
Social networks (*) 
 
Diversity of in formal and/or informal social 
networks which household members join, such 
as Women associate, Youth associate 
The more diversity of formal and/or informal social networks 
which household members join, the better their adaptive capacity. 
 Social position Position of household members in society The higher the position of household members in society, the 
better their adaptive capacity. 
 Relative position Position of household members among 
relatives 
The higher the position of household members among relatives, 
the better their adaptive capacity. 
 Political/community 
rights 
Household members attended discussions with 
electors and/or village meetings 
Households with any member who attended discussions with 
electors and/or village meetings have better adaptive capacity. 
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Physical 
capital 
House quality (*) Quality of households’ houses (they can be 
divided into four groups, such as permanent, 
semi-permanent, less-permanent, and simple) 
The better the quality of households’ houses, the better their 
adaptive capacity. 
 Communicative  
media (*) 
Diversity of communicative media that 
households possess and use, such as radios, 
TVs 
The more diversity of communicative media that households 
possess and use, the better their adaptive capacity. 
 Transportation (*) Diversity of transport that households possess 
and use, such as bicycles, cars, boats 
The more diversity of transport that households possess and use, 
the better their adaptive capacity. 
 Food storing Diversity of food households store for 
responding to hazardous events 
The more diversity of food households store, the better their 
adaptive capacity. 
 Services Sufficient connections to city electricity and 
clean water supply systems of households 
The more sufficient the connections to city electricity and clean 
water supply systems of households, the better their adaptive 
capacity. 
Natural 
capital 
Geographic position 
 
- Houses are in good topography and geology 
- Distance of houses to the sea, lagoon or river 
The better the geographic position of households’ houses (such as 
houses in high topography and/or the further from the sea, lagoon 
or river), the better their adaptive capacity. 
(*) the factor was similar in two FGDs 
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The factors identified from the two FGDs included detailed definitions and relationships with 
adaptive capacity at the household scale. Where factors were similar across the two groups, the 
same explanations arose. Others received different explanations. For example, knowledge was 
defined as “knowledge levels of household members about climate change issues” by experts 
from the first FGD, but as “diversity of training courses and/or conferences about climate change 
issues in which household members attended” by local leaders from the second group. Similarly, 
the first FGD identified insurance diversity as “diversity of types of insurance, including 
financial and social insurances, households have”, but was described as “diversity of households’ 
properties insurance” in the second group. Regarding the relationships between these proposed 
factors and the households’ adaptive capacity, local experts and leaders from the two FGDs 
agreed on the core relations between these factors and households’ adaptive capacity.  
There were some notable differences in the factors generated in the first and second FGDs. 
Firstly, while experts in the first FGD tended to propose general and basic factors associated with 
adaptive capacity at household scale, village leaders from the second FGD identified some 
unique factors closely related to households’ adaptive capacity in the context of a small specific 
community. For example, local leaders suggested three factors: political/community rights, 
social position and relative position, related to community activities and social relationships in a 
small community. The factor political/community rights was understood as the performance of 
political power of a household; it could be expressed as participation of household members in 
political events at the community scale, such as discussions with electors and/or village 
meetings, in which household members could receive information related to climate change 
issues as well as offer their opinions on community activities about responding to climate 
change. The two factors social position and relative position represented positions of households 
or households’ members in their communities or among relatives. Village leaders explained that 
households with higher social and/or relative positions would more easily access support from 
their communities and relatives in hazardous events, so they have a higher adaptive capacity. 
Secondly, explanations on each factor suggested from the first FGD were normally short and 
concise, but they were longer and accompanied with some illustrations in the second FGD. These 
revealed differences in the way experts and local leaders express these concepts.  
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4.3.3 Indicators of factors 
Following the discussions on factors and their explanations, experts and local leaders in the two 
FGDs were asked to discuss and propose indicators for each suggested factor. The researcher as 
chair of the meetings also participated in this process. Based on the discussion, experts and 
village leaders from the two FGDs discussed and suggested indicators of factors. However, some 
indicators could not be identified for some factors. All factors and their indicators generated 
from the two FGDs are described in Table 4.17. 
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Table 4.17 Focus group discussions: Indicators of factors  
Sub-component Factor Conception Indicator 
Human capital Education (1,2) Education levels of household members Percentage of households with at least one person who 
attained high school certificate or higher  
 Health (1) Ratio of household members having health insurance 
or free health care to total number of household 
members 
Percentage of households with at least a half of its members 
having health insurance or free health care  
 Occupation (1) Households with at least one person working in 
government offices 
Percentage of households with at least one person working 
in government offices 
Financial capital Income diversity (1) Diversity of income sources households can earn Percentage of households with at least two income sources 
 Use of loans (2) Diversity of sources of financial loans households 
can access 
Percentage of households who have accessed at least one 
source of financial loan in the past five years  
Social-political 
capital 
Social networks (1,2) Diversity of in formal and/or informal social 
networks in which household members are joining 
Percentage of households with at least one person in a  
formal or informal social network  
 Political/community 
rights (2) 
Household members attended discussions with 
electors and/or village meetings 
Percentage of households with at least one person who has 
attended discussions with electors and/or village meetings in 
past year  
Physical capital  House quality (1,2) Quality of households’ houses Percentage of households with permanent or semi-
permanent houses  
 Services (2) Sufficient in connections to city electricity and clean 
water supply systems of households 
Percentage of households formally connected to city 
electricity and clean water supply systems  
Natural capital  Productive land 
and/or water (1) 
Diversity of productive lands and/or water that 
households are possessing 
Percentage of households with other productive land and/or 
water (away from their house) 
 
(1) the factor from FGD1, (2) the factor from FGD2, (1,2) the factor from both FGDs
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As shown in Table 4.17, 10 indicators were selected. These indicators were proposed from one 
FGD or both. Four indicators were from the first FGD, three from the second one and three from 
both. The factors that were not selected were where either non-indicators were suggested, and/or 
the suggested indicators were not appropriate for the proposed direction that indicators required 
to be representative of a community and to compare different households. Regarding the former, 
village leaders from the second FGD could not suggest any indicator for the factor household 
size. Although they agreed that “the larger the number of household members, the better their 
adaptive capacity”, they could not identify a specific number of household members that 
optimised adaptive capacity. Similarly, participants in the second FGD struggled to suggest 
indicators for two factors, social position and relative position. They could not answer the 
question “how can the position of household members in society be assessed?”, so no indicator 
was proposed. These issues also affected other factors, such as knowledge, experience, food 
storing, and emergency equipment. Other indicators were suggested, but they were not selected 
because they were not suitable for assessing community vulnerability. For example, “ratio of 
male to total household members” and “ratio of household members in working age to total 
household members” were two suggested indicators for the two factors Gender and Age, 
respectively. However, these two indicators could only be used to compare different households; 
they could not be representative of a community. Ultimately, out of the number of factors in the 
adaptive capacity component generated from the two FGDs, the 10 factors selected were 
commensurate with other components. Furthermore, the number of factors in the five sub-
components in this component was also commensurate. 
All of the 10 selected indicators in the adaptive capacity component were thus developed in the 
same form, which represented the percentage of households with one specific household 
characteristic in a studied area. These indicators were appropriate with the proposed direction, 
because they not only expressed adaptive capacity of households, but were also valued as 
representative of a community. Most of the indicators were expressed as a minimum amount of a 
specific adaptive element which contributes to household adaptive capacity, for example “at least 
one person in a formal or informal social network”, or “at least one person working in 
government offices”. Some other indicators were not expressed this way, but they could still be 
expressed in relative terms following FGD discussions amongst experts and local leaders. For 
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example, the suggested indicator of the factor health was “percentage of households with at least 
half of its members with health insurance or free health care”. Experts from the first FGD 
pointed out that households have different types of health insurance, including free health care 
(freely issued to children under 6-years-old and old people over 60-years-old). If the indicator 
“percentage of households with at least one person having health insurance or free health care” 
was used, the value of factor health wouldn’t be dissimilar among different studied areas. 
Similarly, there would not be significantly different values of the factor income diversity among 
different areas if the indicator “percentage of households with at least one income source” was 
used. Experts in the first FGD discussed and proposed the indicator “percentage of households 
with at least two income sources”; using this indicator would be appropriate for assessing a 
diversity of income sources of studied areas. 
4.4  Discussion 
4.4.1 Assessment of applied methods  
To achieve the target of this phase – to identify and select factors and their indicators in the three 
components of an SVI – a series of qualitative methods was conducted. These included one 
Delphi survey, one in-depth interview survey, and two focus group discussions with direct 
participation of local experts and community leaders in Quy Nhon city. Advantages and 
disadvantages of each method were explored. 
Although the Delphi technique is a popular technique for decision-making based on the opinions 
of experts, especially in the fields of social science (Landeta 2006), published research using 
Delphi in climate change policy is not common. Conducting the Delphi survey in this study 
brought some benefits to researchers. Firstly, this method promoted and encouraged involvement 
from all stakeholders in order to explore the many factors associated with climate change issues 
in the case study. This was especially useful as climate change issues, as well as their social 
dimensions, are always very complex and uncertain (Houghton et al. 2001). The outputs of the 
Delphi survey indicated not only names of factors, but also explanations of constructs and related 
information. These data were important and useful in developing an SVI and proposing strategies 
for responding to climate change in the case study. Secondly, the Delphi survey helped rate and 
refine the factors (Geist 2010; Okoli & Pawlowski 2004). Based on the rankings of the 
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importance level of factors, researchers could select appropriate factors from a large number of 
factors. For example, 10 factors within 17 factors in the exposure component were selected based 
on the results generated from the three-round survey. Factors could also be refined through their 
consensus levels (Keeney, Hasson & McKenna 2011). Under the proposed consensus level of 
equal to or greater than 70%, two factors which received low consensus levels, evaporation 
(65%) and monsoon (60%), were rejected in this study. Besides some advantages, using the 
Delphi survey in the research associated with climate change issues also has limitations. The 
complexity of climate change issues can lead to difficulties in achieving the necessary consensus 
level from stakeholders (Keeney, Hasson & McKenna 2011). This necessitates multiple rounds, 
consuming time and resources. Furthermore, there is an expected decrease in response rates as 
multiple rounds progress due to a decline in participants’ interest. To overcome these issues in 
the research, experts were carefully selected who had deep understandings and working 
experience in climate change issues and related topics. They also were fully informed about the 
targets and contents of the study.  
Although interviews are simple (Gubrium & Holstein 2001), they are a powerful data collection 
strategy because they use one-to-one interaction between researcher and interviewee (Teddlie & 
Tashakkori 2009). In this research, the in-depth interviews assumed an important role in 
gathering experts’ perspectives in order to explore factors and their indicators. While the Delphi 
survey might be seen to indicate wide familiarity with preliminary information on factors in 
exposure and sensitivity components, the one-on-one semi-structured interviews with local 
experts and decision-makers provided detailed conceptions and tendencies of these factors. 
Furthermore, they revealed different perspectives, and conflicting opinions (Johnson 2001). As a 
result, the interviews created comprehensive pictures of factors which were very important not 
only to develop an SVI, but also to propose adaptive strategies in the studied areas. However, 
collecting different perspectives generated from the interviews on one issue, such as a factor, 
caused difficulties for researchers. At that time, published studies on climate change issues in the 
case study and related documents were used to confirm exact information.  
The two FGDs conducted in the research also obtained satisfactory results. The FGDs helped 
engage local informants in the discussion process to clarify controversial issues (Catterall & 
Maclaran 1997), especially on complex issues related to adaptive capacity at the household 
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scale. Outputs of these FGDs identified factors and their indicators in the adaptive capacity 
component with detailed explanations. More importantly, these results originated from a 
unification of group discussions. Conducting FGDs in the research were relatively time-
efficient compared with the Delphi survey and interviews (Minichiello, Aroni & Hays 2008; 
Morris 2006; Carey 2012). Participant selection and group division in the research also 
proved very worthwhile and successful (Reed & Payton 1997). Local experts and village 
leaders who were invited to the two FGDs contributed their extensive knowledge and 
practical experience on climate change issues. The combined outputs from the first and 
second FGD offered a comprehensive list of adaptive capacity factors and indicators. More 
specially, the participation of village leaders in the second FGDs resulted in some interesting 
factors closely associated with climate change issues at the community scale. Besides these 
advantages, the organisation of the two FGDs presented difficulties. Firstly, it was hard to gather 
participants because of their busy schedules. The researcher planned meetings and sent 
invitations two weeks in advance and made calls to remind participants two days before the 
meetings. Secondly, many controversial issues arose in the discussions which led to 
difficulties reaching consensus. In this research, the researchers also attended discussions as 
official members, and were flexible enough to direct the discussion process in order to 
achieve the proposed targets (Carey 2012). 
Overall the combination of three techniques – namely the Delphi survey, interviews and FGDs – 
in the research developing an SVI was successful. Each method had its advantages and 
disadvantages, but the combination of the three methods helped overcome their limitations and 
improve the obtained results. For example, while the Delphi survey identified key factors, the 
interviews contributed to detailed explanations and explorations of their indicators. Similarly, 
while the first FGD with local experts suggested most of general and basic factors associated 
with adaptive capacity at household scale, village leaders from the second FGD identified some 
unique factors closely related to households’ adaptive capacity in the context of a small specific 
community. Furthermore, the diversity of techniques adopted in the research also contributes to 
future research in selecting appropriate methods of factor identification.  
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4.4.2 Assessment of identified factors and indicators  
A total of 29 factors were selected from the 50 factors identified throughout three surveys in the 
research. The number of selected factors in the three components was commensurate. Ten factors 
in the exposure component represent the top 10 natural hazardous events in Quy Nhon city. 
There were nine factors in the sensitivity component, which expressed specifically susceptible 
groups to climate change, divided into two sub-components: demographic and socio-economic 
profiles. Ten factors in the adaptive capacity component were also grouped into five capitals and 
represented a wide familiarity of adaptive abilities at the household scale. Although these factors 
were only identified and selected by a small number of local experts and community leaders, 
they comprehensively reflected key elements associated with climate change issues in the case 
study. For example, the top four factors in exposure component generated from this study – 
including erosion, storms, floods, and droughts – were also found to be the most serious hazards 
in Quy Nhon city (Tien et al. 2010; IWE 2009; IMHEN 2009a) as well as in the coastal centre of 
Vietnam (WB 2010; MoNRE 2011). Besides these factors, some other selected factors were 
related to specialized characteristics of Quy Nhon city, such as sand drifts in the exposure 
component and salt manufacture in the sensitivity component. 
All factors generated from this phase were explained in detail, including their conceptions, 
frequency in the past and future, and relationships. A high rate (24 factors of total 26 factors) 
satisfied the proposed consensus level in the Delphi survey. Furthermore, the diversity in 
stakeholders’ perceptions gathered through multiple means helped build a full picture of climate 
change issues in the studied areas. 
An interesting issue revealed from the study was that participants normally paid more attention 
to visual elements associated with climate change issues. For example, local experts focused on 
climatic events which were happening daily, and tangible and serious, such as storms, floods and 
changes of rainfall, but some others such as air humidity, evaporation, and monsoon were not 
highlighted. This manner significantly affected the way this group identified and selected factors. 
This presented limitations in reflections about climate change, and this is expected to be a 
general limitation beyond the case study. 
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Simultaneously with the identification of 29 factors, 29 indicators were also suggested in the 
study. All of them reflected the ratio of households possessing a specific element to total studied 
households. These indicators were appropriate because they expressed the adaptive capacity of 
households, but also provide a community wide measure.  
4.5 Summary 
This chapter describes the outputs of Phase 2, the qualitative phase of the research, in which the 
factors and their indicators within three components of an SVI in Quy Nhon city were identified 
through a combination of three techniques, including a Delphi survey, in-depth interviews, and 
two focus group discussions. Local stakeholders were involved in the research process in order 
to propose specific elements of the case study. 
The Delphi survey was designed in three rounds of surveys with the participation of 20 local 
experts from local academic institutes, university, and government offices. The expert panel 
represented a diversity of educational and occupational characteristics. All the experts had good 
education levels and most of them had jobs closely associated with climate change issues. In the 
first round of the survey, the expert panel suggested 26 factors, including 17 factors in the 
exposure component and nine factors in the sensitivity component. Some explanations were also 
offered to clarify each factor. The second round rated factors in each component based on their 
importance levels. These rates were confirmed and improved in the third round in order to 
enhance consensus. Practically, the consensus levels of all factors significantly increased from 
Round 2 to Round 3. There were only two of 26 factors which did not reach the proposed 
consensus level (70%), and these factors were rejected. Based on the rankings of factors 
generated from the Delphi survey, all of nine factors in sensitivity component and 10 of 17 
factors in exposure component were selected as the main factors for calculating the SVI. 
Fourteen experts who participated in the Delphi survey were invited to in-depth interviews. They 
were asked for detailed explanations of each of the selected factors, as well to propose their 
indicators. Based on experts’ perspectives, all selected factors were comprehensively described 
in their conceptions, occurrences, causes, and impacts. Furthermore, the tendency of each factor 
to occur – both in the past and the future – were also clarified. This information was important 
not only to develop an SVI, but also to propose adaptive strategies for responding to climate 
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change in the case study. Local experts suggested 17 indicators for 17 factors. Besides common 
indicators, some indicators represented particular characteristics of the case study. 
Two FGDs were organised with the same content to discuss and propose factors and their 
indicators in five sub-components of adaptive capacity component, but with different 
participants. While the first one involved 10 local experts, the second included 10 village leaders. 
There were 24 factors which were suggested by experts and local leaders in the two FGDs (16 
factors from the first FGD, and 17 factors from the second FGD), of which nine factors were in 
common. The differences in the number of factors among the five sub-components were 
significant. The two FGDs selected and proposed 10 factors and their indicators in this 
component.  
The use of these techniques in the research revealed both advantages and disadvantages. These 
issues are discussed in depth in Section 4.4. The potential limitations of each method were 
analysed and addressed.  
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CHAPTER 5. SVI CALCULATION AND IMPLICATION 
 
5.1. Introduction 
The purpose of this chapter is to describe the outputs of Phase 3, the quantitative phase, of the 
research. In this phase, a household questionnaire survey was conducted with the participation of 
more than 1,000 households in five selected communes in Quy Nhon city. Collected primary 
data was validated using a statistical technique, the Chi-square test, in order to examine the 
compatibility between SVI factors and studied areas. This step also helped refine the factors 
generated from the previous phases.  
Based on the source of the validated data, the SVI was calculated for five selected communes as 
well as the whole of Quy Nhon city. Furthermore, other indices, including sub-components and 
components indices, and factor scores were also computed for each commune. All calculated 
indices and scores were analysed to inform strategies and actions for responding to climate 
change. These steps confirmed that SVI can be used as a tool in decision-making associated with 
climate change issues.  
The remainder of this chapter is divided into four sections. The preliminary outputs of the 
survey, including commune selection and household investigation, are described in Section 5.2. 
The main section of this chapter, Section 5.3, presents the outputs of data validation and SVI 
calculation. Based on the calculated SVI, some strategies and actions for responding to climate 
change in the case study are proposed in Section 5.4. Section 5.5 contains a summary of the work 
done in this phase of the research. 
5.2. Survey Implementation 
5.2.1. Commune selection 
Five communes were selected where differences in SVI might be expected. In each commune, 
the survey administered was informed by SVI aspects, including exposure, sensitivity, and 
adaptive abilities to natural hazards, as discussed in Chapter 3. Four main descriptors were used 
to guide selection of the communes: population, geography, urbanisation, and level of per capita 
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income. The five communities selected were: Nhon Binh, Nguyen Van Cu, Nhon Ly, Le Hong 
Phong, and Quang Trung. Their descriptive characteristics and location are indicated in Table 5.1 
and Figure 5.1. 
Table 5.1 Household questionnaire survey: Characteristics of the five selected communes 
 
Commune 
Population 
(persons) 
Geography Urbanisation 
Level of 
per capita 
income 
Nhon Binh 18,480 
Located in suburbs, on lowland area, 
downstream of the main river and 
directly adjoining with the lagoon. 
Urban Medium 
Nguyen Van Cu 19,728 
Located in interior of city, directly 
adjoining the sea on the east side. 
Urban Medium 
Nhon Ly 8,496 
Located on the peninsula, directly 
adjoining the sea. 
Rural Low 
Le Hong Phong 14,720 
Located in the interior of the city, on 
highland area and not directly 
adjoining the sea or lagoon. 
Urban High 
Quang Trung 24,132 
Located in the interior of the city, 
not directly adjoining the sea or 
lagoon. 
Urban Medium 
Sources: (CTC–DONRE 2009; People’s Committee of Quy Nhon City 2014b) 
According to the Statistics Bureau of Quy Nhon city in 2014, the population of the city was 
282,575 people, including 257,321 people (91%) in urban areas and 25,254 people (9%) in rural 
areas. This city was divided into 21 wards and communes (called communes), of which 12 
communes were in the interior of the city, five in the suburbs, and four communes in islands and 
peninsular areas. Some communes directly adjoin the sea, and some areas in Quy Nhon city 
directly adjoin the large Thi Nai lagoon which covers 5,000 hectares (Nguyen 2006a). These 
areas in Quy Nhon city are normally affected by natural hazardous events (IWARP 2010). The 
level of per capita income at commune scale in Quy Nhon city was estimated based on a 
combination of commune’s gross domestic product (GDP), per capita income (PCI) and some 
related indicators. They were divided into three levels: high, medium and low (People’s 
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Committee of Quy Nhon City 2014b). Based on the above specific characteristics of Quy Nhon 
city, the selection of five communes met the proposed target in the following ways. 
 
Figure 5.1 Map of Quy Nhon city with five selected communes 
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Firstly, the five selected communes are different in terms of geography, urbanisation and level of 
per capita income. Regarding the geographic characteristics, while Nguyen Van Cu, Le Hong 
Phong and Quang Trung communes are located in the highland areas in the interior of the city, 
Nhon Binh commune is in the lowland areas and directly adjoins Thi Nai lagoon, and Nhon Ly 
commune is in the peninsular area and directly adjoins the sea (see Figure 5.1). Certainly, these 
dissimilarities lead to differences in exposure of the chosen areas. In terms of urbanisation, four 
of the five selected communes are in urban areas, and Nhon Ly commune is rural. With regard to 
the level of per capita income, the five selected communes include one of high level (Le Hong 
Phong), three of medium level (Nhon Binh, Nguyen Van Cu, and Quang Trung) and one of 
relatively low-level economic activity (Nhon Ly) (People’s Committee of Quy Nhon City 
2014b). The differences in urbanisation and level of per capita income might be expected to 
induce a variety of social sensitivity and adaptive capacity of the studied areas.  
Secondly, these selected communes are representative of the whole of Quy Nhon city in regard 
to surveyed elements. To be more specific, the ratio of rural to urban population in the five 
selected communes is 9.93 percent, which is approximately the same ratio for the whole of Quy 
Nhon city, at 9% (People’s Committee of Quy Nhon City 2014b). Similarly, the ratio of rural to 
urban communes in the five selected communes is 1/5, nearly equal to the same ratio for the 
whole of Quy Nhon city, 5/21 (People’s Committee of Quy Nhon City 2014b). In the same way, 
the proportion of communes with different economic activity levels in the five selected 
communes are also equivalent to the related proportion of the whole of Quy Nhon city. 
5.2.2. Household selection 
Based on the sample size requirements (Chapter 3), 210 households were randomly selected in 
each commune for the survey. The sampling frame was drawn from lists of areas in each 
commune and lists of households in each area, issued by the Vietnamese Government Statistics 
Office (GSO 2013). The selection of surveyed households was conducted in two steps. The first 
step was to randomly select survey areas. Each commune was divided into between 20 and 60 
areas, numbered by the Vietnamese Government Statistics Office. Using the systematic sampling 
technique (Vaus 2002), six areas per commune were randomly selected. Similarly, this technique 
was also employed in the second step to randomly select 35 households in each area based on the 
issued lists of households. 
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5.2.3. Survey preparation 
Researchers cooperated with staff from the Statistics Office of Quy Nhon city, and village 
leaders also drew simple maps of these areas with main roads and households locations. Figure 
5.2 illustrates an example of a map of one surveyed area, the region 15 of zone 2 of Nhon Binh 
commune.  
 
Figure 5.2 Example map of a surveyed area 
There were 154 houses in this region, comprising 142 occupied houses numbered from 1 to 142, 
and 12 empty houses marked K. Additional to the relative locations of these houses, a simple 
traffic system with tracks, earth roads and asphalt roads were represented on this map. With the 
support of village leaders, researchers also suggested the simplest route for investigating the 
households in the surveyed area. Moreover, some other detailed information, such as locations of 
rivers and local pagodas and temples, were also included in this map. Maps for all of the 30 
surveyed regions were drawn in order to support the investigation process. 
The survey team was divided into five groups. Each group had two surveyors and investigated 
one commune. All surveyors completed a training course. In the surveyed areas, village leaders 
113 
 
were invited to investigate households with the surveyors. Village leaders helped the survey team 
contact the surveyed households, find out the surveyed households’ addresses, reduced the gap 
between interviewers and interviewees, and provided relevant information about the surveyed 
households.  
The questionnaire was designed (Appendix D) and a pilot survey with the participation of 30 
households in five selected communes was conducted in order to test the questionnaire and serve 
as practice. The investigation process was in the form of face-to-face interviews, and was 
performed both on weekdays and weekends. The average time for interviewing a household was 
about 30 minutes. Some pictures of the training course and pilot survey are shown in Figure 5.3.  
  
Figure 5.3 Pictures about the survey process    
(a) Training course; (b) Pilot survey 
5.2.4. Survey participants 
The preliminary information about the respondents and surveyed households are described in 
detail below.  
1,029 households of the 1,050 selected households (98%) were investigated in the survey process 
from 15 February to 30 March 2014. The number of surveyed households in each commune was 
relatively similar. Exactly 999 heads of households (97%) directly responded to the 
questionnaire, and 30 respondents (3%) were not heads of household (being just household 
members). More information about respondents is shown in Table 5.2. 
(a) (b) 
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Table 5.2 Household questionnaire survey: Information about respondents 
Commune 
Number of 
respondents 
Average 
age 
Gender Education level Employment 
Male Female I II III IV Yes No 
Nhon Binh 205 52.5 135 70 26 59 95 25 144 61 
Nguyen Van Cu 209 56.4 135 74 4 10 58 137 108 101 
Nhon Ly 207 51.6 165 52 49 78 27 53 139 68 
Le Hong Phong 205 57.1 122 83 9 23 73 100 129 76 
Quang Trung 203 51.4 132 71 4 28 82 89 125 78 
 
1,029 
(100%) 
53.8 
689 
(67%) 
350 
(33%) 
92 
(8.9%) 
198 
(19.2%) 
335 
(32.6%) 
404 
(39.3%) 
645 
(62.7%) 
384 
(37.3%) 
Where Education level: 
    I. No primary school certificate 
II. Primary school certificate  
III. Secondary school certificate 
IV. High school certificate or higher  
From the data in Table 5.2, the following can be seen: 
 The average age of respondents was 53.8, and there were no significant differences in the 
average age of the interviewees among the five surveyed areas. Normally, people with 
this average age of 53.8 have enough information and experience in order to effectively 
answer the questionnaire in this study. 
 The percentage of male and female participants were 67% and 33%, respectively. These 
ratios were similar in the five surveyed communes. These results reflected an interesting 
fact that the proportion of households with males as household heads was greater than the 
proportion of households with female heads in the studied areas. This issue was not 
unique, but very common in agricultural countries such as Vietnam, as well as other 
countries all over the world. 
 There was a variety of education levels of the respondents in the surveyed areas. The 
largest proportion (39.3%) was in the group of respondents with a high school certificate 
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or higher, and the lowest proportion (8.9%) was in the group of respondents without 
primary school certificate. This revealed a good education level of the respondents in the 
questionnaire survey. 
 There were considerable differences in the education levels of respondents among the 
five surveyed areas. Three communes located in the interior of the city (Nguyen Van Cu, 
Le Hong Phong and Quang Trung) had larger percentages of the respondents with a high 
school certificate, and lower percentages of the respondents without primary school 
certificates than the two communes located in the suburb (Nhon Binh) and the peninsula 
(Nhon Ly). These differences might not affect considerably the quality of the responses, 
but partly reflected the dissimilarities in socio-economic characteristics among the five 
studied communes. 
 While 62.7% of respondents had occupations, 37.8% were unemployed. These rates were 
not considerably different in the five studied areas. These results could be mainly 
explained throughout the average age. With the average age of 53.8, a remarkable 
number of interviewees were over 60-years-old, which is normal for the retirement age 
based on the Vietnamese labour laws.  
Table 5.3 Household questionnaire survey: Household sample characteristics 
Commune 
Number of 
surveyed 
households 
Directly 
impacted 
by hazards 
Main source of income 
Poverty Immigration Agriculture Aquaculture 
Salt 
manufacture 
Others 
Nhon Binh 205 
205 
(100%) 
47 
(22.9%) 
10 
(4.9%) 
0 
(0.0%) 
148 
(72.2%) 
4 
(2.0%) 
2 
(1.0%) 
Nguyen Van Cu 209 
209 
(100%) 
0 
(0.0%) 
0 
(0.0%) 
0 
(0.0%) 
209 
(100%) 
1 
(0.5%) 
19 
(9.1%) 
Nhon Ly 207 
207 
(100%) 
1 
(0.5%) 
106 
(51.2%) 
0 
(0.0%) 
100 
(48.3%) 
14 
(6.8%) 
0 
(0.0%) 
Le Hong Phong 205 
205 
(100%) 
0 
(0.0%) 
1 
(0.5%) 
0 
(0.0%) 
204 
(99.5%) 
3 
(1.5%) 
4 
(2.0%) 
Quang Trung 203 
203 
(100%) 
0 
(0.0%) 
12 
(5.9%) 
0 
(0.0%) 
191 
(94.1%) 
7 
(3.4%) 
9 
(4.4%) 
Total 
1,029 
(100%) 
48 
(4.7%) 
129 
(12.5%) 
0 
(0.0%) 
852 
(82.8%) 
29 
(2.8%) 
34 
(3.3%) 
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Table 5.3 describes key aspects of the surveyed households, including exposure to natural 
hazards, main sources of income, poverty status, and immigration. Based on this information, the 
main characteristics of the surveyed households are: 
 100% of the surveyed households were directly impacted by at least one of the 10 
selected natural hazardous events in the exposure component. Clearly, climate change 
seriously affected wide areas of Quy Nhon city.  
 4.7% of the surveyed households derived their main income from agriculture, 12.5% 
from aquaculture, 0% from salt manufacture, and 82.8% from others, such as services, 
industries, salary, pensions, etc. Indeed, there was no significant difference in the number 
of surveyed households who earned their main income from the two most sensitive fields 
to climate change in Quy Nhon city: agriculture and aquaculture. Furthermore, no 
surveyed household was found to mainly depend economically on salt manufacture. This 
result confirmed an assumption generated from the in-depth interviews that the salt yield 
in Quy Nhon city significantly decreased in recent times due to climate change, pollution 
and price decreases, and that the area of salt manufacture might be completely eliminated 
in the next few years under the city’s policy. As a result, salt manufacture was not the 
main income source of any surveyed household.  
 There was a considerable difference in the main income sources of the surveyed 
households in the five studied areas. While the two communes located in the suburbs and 
on the peninsula (Nhon Binh and Nhon Ly) had high percentages of households with 
their main income from agriculture and aquaculture, the main income of the three other 
communes located in the interior of the city was from other areas. Thus, households from 
Nhon Binh and Nhon Ly communes might be more sensitive to climate change than 
others, based on assumptions in Phase 2 of the research.  
 The results of the household survey showed that 2.8% of the surveyed households in Quy 
Nhon city were living under the poverty line. Nhon Ly peninsula commune had the 
highest rate of poor households (6.8%), and the lowest rate (0.5%) was of Nguyen Van 
Cu commune. 
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 Immigrant households made up 3.3% of the surveyed households overall, although the 
city communes had larger percentages than those in the communes located in the suburb 
(Nhon Binh) and the peninsula (Nhon Ly). This reflects a common characteristic of 
urbanisation, namely, an increase of population from immigrants in urban areas. 
5.3. SVI Calculation 
5.3.1. Data validation 
Simultaneously with the target of the research and the specific characteristic of data from the 
household questionnaire survey, the Chi-square test was selected to examine collected data, 
using the analysis software. The null hypothesis of this test was that the two tested variables, 
representing factors and studied areas, were independent, or there was not enough evidence to 
indicate relationships between them. The p-value from the Chi-square test was used to test the 
above null hypothesis. If the p-value > 0.05, the null hypothesis was accepted or the two tested 
variables were independent. Conversely, the p-value ≤ 0.05 was that the null hypothesis was 
rejected or there was enough evidence at the 5% significance level to indicate relationships 
between two examined variables (NIST/SEMATECH 2012). The detailed outputs of Chi-square 
test are described in Appendix E. Table 5.4 presents the p-values of the 29 factors in three 
components.  
Table 5.4 Household questionnaire survey: Outputs of Chi-square test 
Factor p-value Factor p-value Factor p-value 
Exposure component Sensitivity component Adaptive capacity component 
Erosion 0.000 Old people 0.000 Occupation 0.000 
Storms 0.000 Young people 0.098 Education 0.000 
Floods 0.000 Women 0.000 Health 0.000 
Droughts 0.000 Illness 0.000 Income diversity  0.000 
Sand drifts 0.000 Poverty 0.000 Use of loans 0.000 
Tidal surges 0.002 Agriculture 0.000 Social networks  0.000 
Rainfall 0.000 Aquaculture 0.000 Political/community rights 0.000 
Lack of water 0.000 Salt manufacture (*) House quality 0.000 
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Siltation (*) Immigration 0.000 Services 0.000 
Saline intrusion 0.000   Productive land and water 0.000 
(*) p-value cannot be computed by Chi-square test 
It is apparent from Table 5.4 that most of the factors (26 of 29 factors) have their p-values 
smaller than 0.05. This indicates that these factors have associations with the studied areas, or 
they could be used to reflect the specific characteristics associated with climate change issues in 
the surveyed areas. Indeed, these 26 factors were appropriate to use to establish an SVI. 
Conversely, the factor young people has a p-value of 0.098, which is greater than 0.005. Based 
on the theory of the Chi-square test, it could be concluded that the factor young people was 
independent, or there was not enough evidence to indicate relationships between young people 
and the studied areas. In other words, there was no statistical difference in the factor young 
people among the five surveyed communes, so this factor could not be used as a proxy for the 
studied areas. Indeed, the factor young people was rejected for developing the SVI. 
Regarding the two factors siltation in the exposure component and salt manufacture in the 
sensitivity component, p-values could not be computed by Chi-square test. The reason was that 
they received the same “no” response from all surveyed households in the five surveyed 
communes. These results revealed that there was no difference in the factors siltation and salt 
manufacture in the five surveyed communes, or there was not enough evidence to indicate 
relationships between the two factors and the studied areas. The two factors were rejected for 
developing the SVI.  
Compared with the target of this step, which focused on checking data reliability, the obtained 
results not only achieved the proposed purpose, but also helped refine the factors of SVI. 
Moreover, while the selected factors from the previous phase were obtained by local experts and 
leaders’ perspectives, this step used a large number of local resident perspectives to refine those 
factors. Therefore, this process of factor selection ensured that the objective and the selected 
factors of SVI reflected the specific characteristics of the case study. 
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5.3.2. Indices calculation 
According to formulae proposed in Chapter 2, the scores of factors, indices of components, and 
SVI were calculated for each studied commune as well as the whole of Quy Nhon city. These 
outputs are described in Table 5.5. 
Table 5.5 Household questionnaire survey: Indices calculation 
Component Sub-component Factor 
Commune Quy 
Nhon 
city 
Nhon 
Binh 
Nguyen 
Van Cu 
Nhon Ly 
Le Hong 
Phong 
Quang 
Trung 
Exposure  
 
Hazardous events  Erosion 4 0 4 0 0 2 
Storms 37 17 97 25 18 39 
Floods 81 32 13 24 28 36 
Droughts 0 44 0 8 14 13 
Sand drifts 0 0 93 0 00 19 
Tidal surges 1 0 3 0 00 1 
Change of rainfall 17 14 2 3 08 9 
Lack of water  1 1 6 0 1 2 
Saline intrusion  10 0 41 0 0 10 
Exposure index (EI) 17 12 29 7 8 15 
Sensitivity Demographic 
profile 
Old people  33 44 29 48 35 38 
Women 34 35 20 40 35 33 
Illness  18 35 36 24 17 24 
Socio-economic 
profile 
Poverty  2 0 7 1 3 3 
Agriculture  23 0 0 0 0 5 
Aquaculture  5 0 51 0 6 12 
Immigration 1 10 0 2 3 3 
Sensitivity index (SI) 17 18 20 16 14 17 
Adaptive 
capacity 
Human capital Occupation 11 57 5 34 57 33 
Education 35 89 23 81 69 59 
Health 84 96 78 97 96 90 
Social-political 
capital 
Social networks  66 91 79 76 74 77 
Political/community 
rights 
71 87 55 82 78 75 
Physical capital  
House quality 99 99 87 98 98 96 
Services 98 99 0 100 100 79 
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Financial capital 
Income diversity  39 39 33 39 33 37 
Use of loans 6 19 34 15 11 17 
Natural capital  Productive land 
and/or water 
37 13 0 5 3 12 
Adaptive capacity Index (ACI) 55 69 39 63 62 58 
SOCIAL VULNERABILITY INDEX (SVI) 1.30 0.67 3.54 0.41 0.43 1.07 
5.3.2.1 Exposure component 
a. Exposure indices 
Based on data from Table 5.5, the exposure indices of the five studied communes in Quy Nhon 
city are plotted as bar charts in Figure 5.4. 
 
 
Figure 5.4 Exposure indices of studied communes 
There were notable differences among the exposure indices (EI) of the five studied communes, 
especially for the Nhon Ly commune, which was about four times that of Le Hong Phong and 
Quang Trung commune. These differences could be mainly explained as differences in 
geographical characteristics of the studied areas. Nhon Ly commune had the highest EI because 
it was located on a peninsula, directly adjoining the sea and seriously affected by natural hazards, 
especially storms (Tien et al. 2010; IMHEN 2009a). This assumption was confirmed by the high 
score of factor storms in the Nhon Ly commune, at 97. This score could be explained by the fact 
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that 97 percent of households in Nhon Ly commune were directly affected by storms in the past 
five years. Moreover, Nhon Ly was also impacted by a special hazard, sand drift, which rarely 
occurred in other areas in Quy Nhon city. Similarly, Nhon Binh commune was in second 
position in terms of EI because it was in a lowland area and directly adjoining Thi Nai lagoon. 
Nhon Binh was extremely affected by floods (Tien et al. 2010; IMHEN 2009a) and the score of 
factor floods in Nhon Binh was 81.  
Conversely, Le Hong Phong and Quang Trung communes were located in the interior of the city, 
on highland areas, and did not directly adjoin the sea or lagoon. As a result, Le Hong Phong and 
Quang Trung communes were not significantly affected by natural hazards, and their EIs were 
very small, at 7 and 8 respectively. Also located in the interior of Quy Nhon city, but having a 
southern part directly adjoining the sea, Nguyen Van Cu commune had an EI of 12, higher than 
the EI of Le Hong Phong and Quang Trung communes. Once again, these results strongly 
confirmed the suitability of using the proposed EI on assessing exposure to natural hazards in the 
case study. 
b. Factor scores 
Besides the calculated exposure indices, the data from Table 5.5 also expressed the scores of 
exposure factors for the whole Quy Nhon city, which are shown in Figure 5.5. 
 
Figure 5.5 Scores of exposure factors for all Quy Nhon city 
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The differences in scores of the nine exposure factors in Quy Nhon city are illustrated in Figure 
5.5. These differences reflected dissimilarities in the negative impact levels of nine most 
common hazardous events in this city. Specifically, storms and floods were the two most 
dangerous hazards in the city with the highest scores, 39 and 36 respectively. Conversely, some 
other events, such as erosion (score = 2), tidal surges (1), and lack of water (2), did not 
considerably affect Quy Nhon city in the past five years. In terms of the impacted areas, three 
hazards – storms, floods, and changes in rainfall – directly impacted all five surveyed 
communes, but others only affected one or several communes. Detailed data from Table 5.4 also 
illustrates that some specific areas in Quy Nhon city were seriously affected by storms and 
floods. For example, 97 percent of the population in Nhon Ly commune was impacted by storms 
and 81 percent of the population in Nhon Binh commune by floods. Clearly, the implication of 
the results is that some specific natural hazardous events, as well as some particular areas in Quy 
Nhon city, should gain the focus of decision-makers in order to the reduce negative impacts of 
climate change. 
Generally, the rankings of the factors in the exposure component did not change significantly 
between the outputs of the Delphi survey and the household questionnaire survey, especially the 
factors of storms, floods, droughts, and sand drifts, which were still in the top five of the two 
surveys. However, there were several small differences in impact levels of natural hazardous 
events between experts’ perspectives (through the Delphi survey) and local residents’ opinions 
(through the household questionnaire survey). For example, soil erosion had the highest ranking 
from experts’ perspectives, but it was ranked eighth by residents. Similarly, tidal surges changed 
from rank sixth from experts’ perspectives to rank ninth in residents’ opinions. 
5.3.2.2 Sensitivity component 
a. Sensitivity indices 
Sensitivity indices were computed based on the scores of the two sub-components, namely 
demographic and socio-economic profiles. The scores and indices of the five surveyed 
communes are illustrated in Figure 5.6. 
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Figure 5.6 Scores and indices in the sensitivity component 
The differences in Sensitivity Index (SI) (see green line in Figure 5.5) among the five studied 
communes in Quy Nhon city were not large, but they still reflected the differences in 
demographic and socio-economic characteristics among these communes. For example, Nhon Ly 
commune had the highest SI (SI=20). Normally, this result could be explained by the fact that 
Nhon Ly commune was on a peninsula, exposed and with limited economic development. A 
relatively large percentage (51%) of the population in Nhon Ly commune work in aquaculture 
(mainly fishing), which was a highly sensitive occupation in the climate change context. 
There were significant differences between scores of the two sub-components, demographic and 
socio-economic profiles (see blue and red lines in figure 5.6), in the studied areas. The 
demographic profile score was significantly higher than the socio-economic profile in all five 
communes. This result revealed that demographic profile mainly contributed to the sensitivity 
index. Also, while the differences in the scores of demographic profiles were not significant, the 
dissimilarities in scores of the socio-economic profiles were significant in the five studied areas. 
These dissimilarities in the socio-economic profile created differences in the SI of the studied 
areas. Hence, the value of SI was mainly influenced by the demographic profile, but the 
differences in SI were mainly due to the socio-economic profile.  
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b. Factor scores 
Figure 5.7 shows the differences among the scores of factors within the sensitivity component 
for the whole of Quy Nhon city. Similarly with the assumptions in the previous section, the 
factors in the demographic profile sub-component gained considerably higher scores than in the 
socio-economic profile. In the demographic profile, the score of factor old people (score=38) 
was greater than that of factors women (33) and illness (24). This meant that households with old 
people were assessed to be more sensitive to climate change than households with female heads 
or illness in the studied areas. In terms of the sub-component socio-economic profile, 
aquaculture was the most sensitive factor. This result represented a specific characteristic of the 
case study, the coastal Quy Nhon city. Aquaculture was a vital economic field of this city, but 
was seriously affected by natural hazards. Indeed, this factor also played an important role in the 
socio-economic sub-component as well as the sensitivity component and SVI. 
 
Figure 5.7 Scores of factors in sensitivity component 
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5.3.2.3 Adaptive capacity component 
a. Adaptive capacity indices 
 
Figure 5.8 Adaptive capacity indices of studied communes 
Figure 5.8 shows the adaptive capacity index (ACI) of each surveyed commune in Quy Nhon 
city. It can be seen that the differences among the ACI of the five communes were significant. 
Nhon Ly and Nhon Binh communes had the two lowest ACI, 39 and 55 respectively, while the 
ACIs of three other communes were all greater than 60. The low ACI of Nhon Ly was explained 
by the limitations in adaptive capacities of this commune. Most factors and sub-components in 
the adaptive capacity component of Nhon Ly commune gained relatively low scores. Services 
scored zero in Nhon Ly because households in this commune could not access clean water from 
the water supply system of Quy Nhon city. If this limitation was overcome and 100 percent of 
households in Nhon Ly commune had clean water, the ACI of this area would significantly 
increase. 
The suburban commune of Nhon Binh was also limited in terms of adaptive capacity to respond 
to climate change. For example, the education level (percentage of households with at least one 
member held high school certificate or higher) and occupation position (percentage of 
households with at least one member working in government offices) of Nhon Binh commune 
were remarkably lower than the three interior communes. Nhon Binh is an agricultural commune 
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with the highest percentage of farmers and households mainly depending on agriculture in Quy 
Nhon city (People’s Committee of Quy Nhon City 2014a). 
Generally, the ACI of three interior communes, Nguyen Van Cu, Le Hong Phong, and Quang 
Trung, were not significantly different. Defying the general sense that ACI of Le Hong Phong 
commune would attract the highest ACI because of its highest level of per capita income, the 
Nguyen Van Cu commune achieved the top position. This issue revealed that adaptive capacity 
was dependent not only on the level of per capita income, but also on other sectors such as 
human capital, social, and political abilities. Most of the adaptive capacity factors, including 
factors in the sub-components: human, social-political, and financial capitals of Nguyen Van Cu 
commune had high scores.  
In each commune, each of five sub-components played an important role in contributing to the 
ACI, as illustrated in Figure 5.9. 
 
Figure 5.9 Patterns of contributions of the five adaptive capacity sub-components  
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Figure 5.10 Contributions of adaptive capacity sub-components (%) 
An important observation from the calculated ACI in the case study is the remarkable differences 
among contributions of the five sub-components to the adaptive capacity component (see Figure 
5.10). The contributions of three sub-components – human, social-political, and physical capitals 
– were considerably larger than the contributions of the financial and natural capitals. The 
biggest contribution was physical capital (33%), approximately seven times that of natural 
capital (5%). This has implications for decision-making related to strategies for improving the 
adaptive capacity of Quy Nhon city. 
b. Factor scores  
Figure 5.11 illustrates the average scores of the factors in the adaptive capacity component. 
Together with the largest contribution of the physical capital to ACI, the factor house quality also 
had the highest score (score = 96). This reflects that nearly 100% of households in Quy Nhon 
city were living in permanent or semi-permanent houses. Some other factors, such as health, 
services, social networks and political/community rights, also gained high scores. Conversely, 
the scores of financial factors, such as income diversity and use of loans, were relatively low, at 
37 and 17, respectively. This indicates the limitations of financial abilities as handicaps in 
responding to climate change at the household scale in Quy Nhon city.  
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Figure 5.11 Average scores of factors in adaptive capacity component 
As mentioned in the previous section, if 100 percent of households in Nhon Ly commune were 
able to access clean water from the city water supply system, the ACI of this area would 
significantly increase, from 39 to 49. This example reveals that each factor plays an important 
role in contributing to its sub-component, related component, as well as the SVI. Of course, 
changes across several specific factors may also significantly change the SVI. In other words, 
changes in several specific adaptive actions can help improve adaptive capacity as well as reduce 
social vulnerability. 
5.3.2.4 Social vulnerability index  
a. Social vulnerability indices 
Using the data from Table 5.5, the SVI of the five studied communes in Quy Nhon city are 
shown in Figure 5.12. 
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Figure 5.12 Social Vulnerability Index of five studied communes 
The calculated SVI clearly indicated general differences associated with social vulnerability to 
climate change among five communes. There was a big gap in SVI between urban and rural 
communes, as well as communes in the interior of the city and others in the suburbs or on the 
peninsula. Nhon Ly, a rural commune on a peninsula, disadvantaged by geographic location and 
socio-economic development, had not only the highest EI and SI, but also the lowest ACI. As a 
result, the SVI of Nhon Ly commune was 3.54, nearly nine times that of an urban commune in 
the interior of the city such as Le Hong Phong (0.41). Similarly, the SVI of Nhon Binh commune 
(1.3) was in the second position, from two to three times that of other communes in the interior 
of the city. This commune was in a suburban area directly adjoining a big lagoon. Even though 
three communes in the central areas of Quy Nhon city – Nguyen Van Cu, Le Hong Phong, and 
Quang Trung – had unremarkable differences in their SVI, these differences still reflected 
specific characteristics associated with geography, as well as the socio-economic status of these 
communes. In practice, Nguyen Van Cu commune has a southern area which directly adjoins the 
sea, so the SVI of this commune was higher than two others in the interior of the city. The Le 
Hong Phong commune, with the best location and the highest level of per capita income, 
obtained the lowest SVI. These results confirmed that the SVI comprehensively reflected social 
vulnerability to climate change across the case study. 
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b. Contributions of components in SVI 
 
Figure 5.13 Contributions of components in SVI  
The data collected from the household questionnaire survey showed that the adaptive capacity 
indices were considerably greater than exposure and sensitivity indices in all five studied 
communes of Quy Nhon city (see Figure 5.13). These differences clearly affected the values of 
SVI of both the studied communes and at the Quy Nhon city scale. It could be inferred that in 
spite of exposure to natural hazards and sensitivity of demographic and socio-economic profiles, 
increased adaptive capacity helps significantly reduce the social vulnerability of the studied 
communes. 
5.4. Implications of the SVI 
While the main purpose of this research is to develop and apply the SVI, the results also allow 
for speculation on the implications for decision-makers, on policy, and action. The involvement 
of local stakeholders, including local experts, village leaders, and residents, provided necessary 
information in order to calculate the SVI. It also provided direct contact with the stakeholders 
and in itself was a collective learning and development opportunity. Furthermore, it facilitated 
the researcher to speculate and propose adaptive strategies and actions associated with climate 
change issues in the case study. These strategies and actions are shown in Table 5.6. 
131 
 
Table 5.6 Proposed strategies and actions for responding to climate change 
Strategy Specific action Supporting findings from the study Source of supporting findings 
Strategy 1. Enhancing 
community awareness 
Action1. Improve knowledge and communication on 
climate change issues among local residents. 
Action 2. Improve knowledge and communication on 
climate change issues for experts and decision-makers. 
Limitations in awareness on climate 
change issues of local experts, leaders 
and residents. 
 
- Delphi survey 
- In-depth interview 
- Focus group discussions  
- Household questionnaire 
survey 
Strategy 2. Methods for scanning 
community perspectives 
Action 3. Collect community perspectives systematically 
from different stakeholders. 
Action 4. Collect community perspectives systematically 
using a variety of methods. 
Many differences in perspectives of 
experts, decision-makers, village 
leaders, and residents about climate 
change issues. 
 
- Delphi survey 
- In-depth interview 
- Focus group discussions 
- Household questionnaire 
survey 
Strategy 3. Focusing on specific 
characteristics 
Action 5. Gather specific elements of the locations through 
published research. 
Action 6. Conduct new research to explore specific 
elements of the locations. 
 
A specific area such as Quy Nhon city 
has some unique elements related to 
climate change issues. 
- Delphi survey 
- In-depth interview 
- Focus group discussions 
- Household questionnaire 
survey 
Strategy 4. Preparing for and 
responding to expected future 
climate changes 
Action 7. Conduct research to explore frequency of natural 
hazards. 
Action 8. Develop long-term action plans for responding 
to changing hazards. 
Many climate change-related hazards 
in Quy Nhon city are predicted to 
increase in intensity. 
- Delphi survey 
- In-depth interview 
- Household questionnaire 
survey 
Strategy 5. Prioritising vulnerable 
locations 
Action 9. Prioritise vulnerable locations by targeting 
hazard reduction and adaptive capacity enhancement in 
local communities where the need is greatest. 
 
Peninsular and suburban areas have a 
higher SVI than other interior areas. 
 
- Delphi survey 
- In-depth interview 
- Focus group discussions 
- Household questionnaire 
survey 
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Strategy 6. Prioritising vulnerable 
groups 
 
Action 10. Prioritise vulnerable groups to reduce climate-
sensitivity. 
 
The values of SI are mainly contributed 
by the demographic profile, but the 
differences in SI were mainly due to 
the socio-economic profile.  
- Household questionnaire 
survey 
 
Strategy 7. Prioritising 
limitations in capitals 
Action 11. Prioritise limitations in capitals to improve 
adaptive capacity elements. 
Natural and financial capitals get the 
lowest scores compared to other 
capitals in the adaptive capacity 
component. 
- Household questionnaire 
survey 
 
Strategy 8. Harnessing beneficial 
aspects of climate change events 
Action 12. Study and work with changes in climate and 
associated specific natural hazards. 
Some hazardous events not only lead to 
negative impacts but also bring some 
benefits. 
- Delphi survey 
- In-depth interview 
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5.4.1. Strategy 1 - Enhancing community awareness 
This strategy is drawn from observed limitations in awareness on climate change issues 
amongst local experts, village leaders, and residents. For example, participants normally paid 
more attention to regular climatic events with tangible consequences, but some other events 
which were not easily visualised were not covered. Also, interviewees struggled with 
predicting natural hazards. Limitations in awareness restrict community ability to anticipate 
and respond. To counter these limitations, this strategy is proposed with two specific actions. 
These actions were also developed in the research of Tien et al. (2010). 
 Action 1 - Improve knowledge and communication on climate change issues among 
local residents  
The target of Action 1 is to improve basic knowledge of climate change issues among local 
residents, in order to enhance preparedness. More than 60% of local residents do not have a 
high school certificate. A combination of education across both primary school education and 
other pathways, including mass media, would spread information and knowledge on climate 
change issues among the community. 
 Action 2 - Improve knowledge and communication on climate change issues of experts 
and decision-makers 
Local experts and decision-makers play an important role in responding to climate change in 
the community. However, their awareness, especially on scenarios of climate change and 
adaptive strategies, is limited (IMHEN 2009a). Besides traditional communication methods, 
such as education and mass media, specific training courses on climate change issues could be 
adopted in improving awareness of local experts and decision-makers. 
5.4.2. Strategy 2 - Methods for scanning community perspectives 
Climate change issues are complex and uncertain (Houghton et al. 2001). Moreover, they are 
perceived and experienced heterogeneously, and this research reveals divergence in 
perspectives of experts, decision-makers, village leaders, and residents. The methods used in 
this research offer a means to scan this heterogeneity, providing a rich understanding of 
community perspectives, and providing a sound basis for designing interventions. This 
strategy has two specific and linked actions. 
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 Action 3 - Collect community perspectives systematically from different stakeholders 
Each stakeholder has heuristic, experiential knowledge. For example, while experts in the first 
FGD tended to propose general and basic factors associated with adaptive capacity at the 
household scale, village leaders from the second FGD identified some unique factors closely 
related to the households’ adaptive capacity in the context of a small, specific community. 
Moreover, the rankings of the factors generated from the experts’ perspectives through the 
Delphi survey varied from those of local residents participating in the household 
questionnaire survey.  There were also differences within these groups. A diversity of 
perspectives from experts, village leaders, and local residents contributes to a comprehensive 
picture of climate change issues. Indeed, collecting community perspectives from a diversity 
of stakeholders is essential to inform appropriate policies and actions. 
 Action 4 - Collect community perspectives systematically using a variety of methods  
Linked to Action 3 is the need to use mixed methods research. The combination of different 
methods in this study helped overcome the limitations of each. Building on this experience, it 
can be inferred that decision-makers should also use a variety of methods for collecting 
community perspectives, including qualitative and quantitative methods, in order to obtain a 
comprehensive picture of climate change issues in a specific area. 
5.4.3. Strategy 3 - Focusing on specific characteristics 
Certainly climate change and its effects are varied in different areas across the world 
(UNFCCC 2007), given particular variations in characteristics regarding geography, socio-
economic development, and other factors related to vulnerability to climate change. The study 
confirms this viewpoint through the detected variances in exposure, sensitivity, and adaptive 
capacity across Quy Nhon city. Adaptation and adaptive policies are also diverse (Leary, 
Adejuwon & Barros 2008; Brooks 2003). Any climate responses should therefore pay 
attention to specific characteristics of an area. Two actions are proposed. 
 Action 5 - Gather specific elements of a studied area through available data sources 
Historical documents, cultural context, and past events shape both vulnerability and options 
for response. Information and data associated with change, climatic events, and related issues 
can be collated from written sources, and also from local residents and key informants. 
Collecting specific characteristics about climate change issues in a studied area is critical and 
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should rely on a variety of sources. In this research, secondary data and information on 
climate change issues in Quy Nhon city were obtained from documents of the Vietnamese 
Ministry of Natural Resources and Environment (MONRE 2011; IMHEN 2011), the People’s 
Committee of Binh Dinh Province (People’s Committee of Binh Dinh Province 2010), the 
Binh Dinh Department of Natural Resources and Environment (CTC–DONRE 2009), the 
People’s Committee of Quy Nhon city (People’s Committee of Quy Nhon City 2014a), and 
other sources, such as ACCCRN (2009) and Tien et al. (2010). Besides these data sources, 
statistical data from the local Office of Statistics are important and necessary because they 
include detailed information associated with climate change and related issues, such as 
demographic and socio-economic characteristics. These data, supplemented with primary 
qualitative and quantitative data, provide important insight as a basis for climate response. 
 Action 6 - Conduct SVI research to identify priorities in each community 
Limitations on available data about climate change issues are very common, especially in 
developing countries, in part because climate change and vulnerability to climate change are 
emerging concepts (Fussel & Klein 2006). In Quy Nhon city, since 2009, and under the 
sponsorship of the Rockefeller Foundation, the Asian Cities Climate Change Resilience 
Network in Vietnam (ACCCRN) established scenarios of climate change and sea level rise, 
assessing vulnerability to climate change and proposing a climate change resilience action 
plan for Quy Nhon city (Tien et al. 2010; IWE 2009; IMHEN 2009a). The Challenge to 
Change organisation conducted an investigation to assess hazards, adaptive capacity, and 
vulnerability for building resilience to climate change in the city, in which several social 
factors such as gender, livelihood, health, and education were cited (CTC–DONRE 2009). 
ACCCRN is also implementing a project on forecasting floods in Quy Nhon city. However, 
previous research on climate change in Quy Nhon city has not investigated social aspects in 
detail. Such research is needed in any city in order to comprehensively assess climate change 
issues and to provide a basis for proposing appropriate adaptive/response strategies. It is 
proposed, therefore, that SVI studies should be undertaken in climate vulnerable communities 
as a matter of standard practice, to highlight social vulnerability and indicate areas where 
climate vulnerabilities can be alleviated. 
5.4.4. Strategy 4 - Preparing for and responding to expected future climate changes  
Climate change is expected to accelerate and create increased vulnerability through the 
twenty-first century (IPCC 2007). Binh Dinh Province – and Quy Nhon city – will confront 
136 
 
increasingly negative impacts of climate change in the next decades, as predicted by research 
(IMHEN 2009a; IWE 2009). This study reveals perspectives of local stakeholders on the 
frequencies of some common natural hazards in Quy Nhon city. There are some parallels 
between local stakeholders’ opinions and published research. However, there is a need to 
systematically project today’s experiences and perspectives of climate change events into 
future scenarios when planning policy and action to improve climate change events. 
 Action 7 - Conduct new research to explore frequencies of natural hazards 
Previous research has already established scenarios of climate change and sea level rise in 
Quy Nhon city, but detail is missing on phenomena such as storms, droughts, sand drifts, and 
erosion (IMHEN 2009a), and on their relationship to social vulnerability. These climatic 
events could seriously affect wide areas and sectors of Quy Nhon city. The lack of 
information is a gap to suitable adaptive policy. Therefore, new research on this topic is 
needed. Specifically, at the commune and city scale, scenarios of these hazards should be 
estimated in the long-term to the year 2100 (MONRE 2011; IMHEN 2011), and these 
predictions then used to extend SVI calculations into future scenarios. 
 Action 8 - Develop long term action plans for responding to changing hazards 
Long-term SVI action plans need to be established to the year 2100, alongside specific actions 
set on a rolling basis for shorter-term futures. Resolution of variations at the local scale are 
important in such plans, as illustrated in this study (see also Strategies 5 and 6), as it allows 
SVI hotspots to be identified and targeted, which is clearly important when resources are 
severely limited. 
5.4.5. Strategy 5 - Prioritising vulnerable locations 
This research found peninsular and suburban areas were exposed and sensitive to climate 
change and had the lowest adaptive capacity. As a result, peninsular and suburban areas had 
the largest social vulnerability indices (see Section 5.3.2). This corroborates other research, 
especially the research on assessments of hazards, adaptive capacity, and vulnerability to 
climate change in Nhon Binh and Nhon Ly communes (CTC–DONRE 2009). This result 
indicates that policy and action should prioritise these communes in order to create the largest 
positive impact on SVI. Applying this principle more broadly, the application of the SVI at 
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the commune/neighbourhood level allows for scarce resources to be targeted where need is 
greatest, by prioritising vulnerable locations. 
 Action 9 - Prioritise vulnerable locations by targeting hazard reduction and adaptive 
capacity enhancement in local communities where the need is greatest 
Both peninsular and suburban communes were found in this study to be facing particular 
physical hazards, and to be limited in education levels and percentage of households with at 
least one person working in government offices. Specifically, the study also pointed out that 
100% of households in Nhon Ly commune could not access clean water from the water 
supply system. These findings indicate directions for prioritising investments responding to 
climate change. The investments should focus on such specific items: supplying clean water 
from the city water supply system to Nhon Ly commune, improving education levels for 
peninsular and suburban areas, and strengthening the adaptive capacity of fishermen in 
peninsular areas and farmers in suburban areas nearly Thi Nai lagoon, etc. A similar approach 
to specifying actions can be adopted as and when the SVI approach is applied to other cases in 
the manner adopted in this study. 
5.4.6 Strategy 6 - Prioritising vulnerable groups 
This study found that both demographic and socio-economic factors play vital roles in climate 
change sensitivity. Therefore, proposed strategies for addressing vulnerability should be 
tailored to these vulnerable groups. 
 Action 10 - Prioritise vulnerable groups to reduce climate-sensitivity 
Three factors in the demographic sub-component were used to establish the SVI for Quy 
Nhon city in this research (women, children and the aged), and the socio-economic sub-
component included four factors – poverty, agriculture, aquaculture and immigration. Across 
these, the aged and aquaculture were most vulnerable, and so should be prioritised in any 
policy reducing sensitivity to climate change. Two other factors, women and households 
where there is illness, also gained high scores, similarly indicating priorities for policy-
making. This approach is also proposed for studies in other regions and cases as a useful way 
of applying the SVI in order to focus and prioritise resources. 
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5.4.7. Strategy 7 - Prioritising limitations in capitals 
The SVI results revealed that there were limitations in financial and natural abilities of Quy 
Nhon city. Consequently, these capitals should be prioritised to improve the adaptive capacity 
of Quy Nhon city in the future. This suggestion is supported by the research of CTC–DONRE 
(2009), in which diversifying income sources was proposed as a means of improving the 
adaptive capacity of Quy Nhon city. 
 Action 11 - Prioritise limitations in capitals to improve adaptive capacity elements 
The natural capital factor of productive land and/or water is vital for households in peninsular 
and suburban areas which are mainly dependent on agriculture and aquaculture. Access to 
productive land for farmers and productive water for aquaculture is self-evidently important 
to protect livelihoods in these sectors. However, diversifying income sources is also a key and 
long-term resolution for local residents in coping with climate change (Kien 2011), because it 
helps reduce seasonality and risks associated with climate stresses (Goulden et al. 2013). 
Improving access to financial and natural capital to support diversification is, therefore, a 
targeted response to support improvements to adaptive capacity. A similar approach to 
specifying capitals can be adopted as and when the SVI approach is applied to other cases in 
the manner adopted in this study. 
5.4.8. Strategy 8 - Harnessing beneficial aspects of climate change events 
The in-depth interviews corroborate other studies (McCarthy et al. 2001; UNFCCC 2007; 
Pittock 2009) in indicating that natural hazards mostly lead to negative impacts across a wide 
range of human and socio-economic sectors. However, the interviews also pointed to specific 
cases where floods and droughts are relied upon, and economic activity is geared to 
benefitting from them. These practices should be accounted for in attempts at coping with 
climate change. 
 Action 12 - Study and work with changes in climate and associated specific natural 
hazards 
Floods deposit sediment and breeding stocks for aquaculture; they flush out pollution and 
decrease saline intrusion. Droughts help maintain productivity of salt manufacture. It is also 
possible to speculate that increased temperature may encourage some tropical crops (although 
they may also exacerbate disease vectors), while increases in rainfall could contribute to 
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aquifer recharge. Action 12 emphasises the necessity for both predicting future climate 
change, and re-aligning economic activity in order to minimise losses and maximise benefits 
associated with changing natural hazards events. 
5.5 Summary 
The household questionnaire survey was conducted in order to collect primary data for 
calculating the SVI. It successfully led to the analysis of five selected communes, which were 
found to differ in their SVI. Furthermore, these selected communes were found to be 
representative of the whole of Quy Nhon city.  
5.5.1 The survey 
The survey design, a multi-stage cluster sampling survey, was appropriate for the research 
target (Hessler 1992; Vaus 2002), combining purposive selection (Teddlie & Tashakkori 
2009) and random selection (Vaus 2002) stages. The surveyed areas and households in each 
area were randomly selected using a systematic sampling technique (Vaus 2002) and 
sampling frames issued by the Government Statistics Office (GSO 2013). These selections 
ensured objectivity and randomness in the surveyed households, limiting bias in the research. 
The sample size (1029) was based on a standard formula accepted by WHO (2005) and other 
research (Teddlie & Tashakkori 2003). It included a 5% non-response rate, consistent with 
other social science research (Bryman 2008). In practice, 21 of 1,050 selected households 
(2%) could not be investigated because of various reasons. The survey process cooperated 
with village leaders, reducing the gap between interviewers and interviewees and providing 
relevant information about surveyed households. The success of the survey mainly relied on 
the questionnaire form, which was designed with simple and closed-ended “yes-no” 
questions. Data validation was undertaken to measure reliability of the collected data. The 
Chi-square test used in this study was also important in refining the identified factors. In 
reality, three factors were rejected at this stage because they could not satisfy statistical 
requirements. The step of data validation improved the confidence level of the research.  
Besides these advantages, the survey was confronted with several difficulties. The number of 
surveyed households was large given the size of the project. Moreover, the surveyed areas 
spread across five communes, including one peninsular and one suburban commune. 
Therefore, the survey process took considerable time. To overcome this difficulty, researchers 
closely cooperated with local authorities, the government statistics office, and village leaders 
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in order to design an appropriate survey, as well as to implement some assisted solutions, such 
as the drawing of surveyed maps, and involving village leaders in the investigative process. 
Establishing a survey team was necessary (Weiss 1994), but was a significant challenge 
because surveyors not only needed a basic knowledge about climate change issues, but also 
required good communicative skills. Furthermore, it was better if they were familiar with the 
surveyed areas, especially to allow them to they could speak to respondents in the native 
dialect. This issue was overcome through involving local university staff and students who 
were in schools closely associated with the research topic, such as the Faculty of Geography, 
Faculty of Biology, and Faculty of Social Psychology. All surveyors were trained in a short 
course. Furthermore, village leaders were invited to participate in the investigative process in 
order to support the surveyors. 
5.5.2 Assessment of calculated indices 
Based on the proposed formula for determining the SVI in Chapter 3, scores and indices were 
calculated for factors, sub-components, components, and an overall SVI for the five selected 
communes. The formula was simple and the SVI calculation did not require the step of data 
standardisation, as in some recent research (Hahn, Riederer & Foster 2009; Shah et al. 2013; 
Ahsan & Warner 2014). Interestingly, this improvement overcame the inherent limitation of 
data standardisation, that the calculated SVI might not be compatible with future studies 
(Hahn, Riederer & Foster 2009; Ahsan & Warner 2014). 
The survey allowed calculation of both the SVI and other results, such as the scores of factors 
and sub-components, and indices of components. These scores and indices were detailed in all 
the five selected communes, as well as the whole Quy Nhon city. These outputs were the 
basis for assessing and determining adaptive strategies and actions for Quy Nhon city.  
Importantly, the calculated scores and indices comprehensively reflected differences in 
characteristics related to climate change issues of the five selected communes. Furthermore, 
the average scores and indices of the whole Quy Nhon city also revealed a range of findings. 
First, storms, floods, droughts, and sand drifts were the most serious natural hazards in Quy 
Nhon city. Second, the level of sensitivity was mainly reflected in the demographic profile, 
but the differences in this level were mostly created by the socio-economic profile. Third, the 
impact of natural and financial capitals was very limited compared with other capitals in the 
adaptive capacity component in the case study. 
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Limitations were also revealed. While the estimated SVI of all the five communes revealed a 
spread of values, overall scores were low (lower than 5). This may suggest further calibration 
of the SVI is needed, and also, or alternatively, that the computed SVI represented the level of 
social vulnerability of the case study is correct at the study time, but future SVI may 
deteriorate. To investigate this, the SVI method could be applied in numerous other locations 
to provide a means for empirical calibration. 
5.5.3 Assessment of SVI implications 
Eight adaptive strategies and 12 specific actions were suggested, derived from the outputs of 
the research. While these strategies cover a wide of general issues, the proposed actions focus 
on solving specific problems associated with climate change adaptation in the case study. All 
proposed strategies and actions are aligned with and/or extend from previously published 
research, as well as from the findings of the empirical research in this study. The proposals 
are designed to be appropriate and practical, and could be applied in order to improve climate 
adaptation both in Quy Nhon city and elsewhere. 
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CHAPTER 6. DISCUSSION 
 
6.1 Introduction 
This chapter discusses three aspects of the research: contribution to knowledge, limitations, 
and further work. Section 6.2 addresses the proposed SVI, 6.3 the research design and 
methods, and the calculation, outputs and applications of the SVI are reviewed in Section 6.4 
The last section, 6.5, summarises the outcomes of this chapter. 
6.2 Contribution to Knowledge 
6.2.1 The proposed SVI 
6.2.1.1 SVI components 
As mentioned in Chapter 2, the complexity of social vulnerability (Cutter 1996; Brooks 2003) 
leads to a variety of SVI components, however common elements include exposure, 
sensitivity, and adaptive capacity (McCarthy et al. 2001). Some research has used one 
component (Cutter, Boruff & Shirley 2003), while others aggregated mixed components in 
developing an SVI (Hahn, Riederer & Foster 2009; Heltberg & Bonch-Osmolovskiy 2011; 
Yoo, Hwang & Choi 2011; Shah et al. 2013). In this study, all three main components were 
included in an SVI based on the seminal definition of McCarthy et al. (2001).  
Social vulnerability includes certain demographic and social characteristics that lead to some 
communities being identified as more vulnerable than others. The main purpose of the SVI in 
this study is to evaluate social susceptibility in the context of climate change (Cutter & Finch 
2008), thus a sensitivity component with demographic and social characteristics is included in 
the SVI. An exposure component deals with “the nature and degree to which a system is 
exposed to significant climatic variations” (McCarthy et al. 2001). It highlights the impacts of 
climate change on a system, especially natural hazards. (Brooks 2003) assumes that social 
vulnerability is concerned with the ultimate impact of a hazard event, and the nature of social 
vulnerability will depend on the nature of the hazard. Adger (2003) confirms that social 
vulnerability is the risk of exposure, or a result of the impact of hazardous events on sensitive 
groups of people or individuals.  
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The values of the SVI and the exposure component showed a close relationship in this 
research. Figure 6.1 shows the values of SVI and EI in the five studied communes in Quy 
Nhon city. Interestingly, the differences in EI were similar to the SVI among the surveyed 
areas. 
 
Figure 6.1 EI and SVI in the five studied communes 
The adaptive capacity component includes resources and capabilities that a community can 
bring to the task of reducing risk and vulnerability (UNISDR 2004). In fact, adaptive capacity 
to climate change represents a variety of ways for reducing social vulnerability and, thus, 
reducing the risk associated with a given hazard (Brooks 2003). Any increase in the adaptive 
capacity of a system or community can reduce the vulnerability of that system to climate 
change risks (Smit & Pilifosova 2003). That view supports the assumption that adaptive 
capacity is vital in the measurement of vulnerability to climate change, as any positive 
changes in adaptive capacity will probably lead reductions in social vulnerability. 
 
Figure 6.2 ACI and SVI in five studied communes  
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Figure 6.2 confirms the above assumption made about the outputs of this study. The expected 
opposition in values of SVI and ACI exists across the five studied communes in Quy Nhon 
city. To be more specific, the higher the ACI of the area, the lower its SVI. Similar to the 
exposure component, this study confirmed the suitability of including the adaptive capacity 
component in the SVI. 
6.2.1.2 SVI formula and calculation 
The key technical contribution to knowledge of this research is the novel mechanism 
developed to aggregate the components of an SVI. Three points are significant:  
 Each component of the SVI was clearly defined in order to suit the requirements of the 
studied context. The clarified concepts were the basis to identify ways for quantifying 
the values of the SVI components.  
 A simple formula was proposed to calculate the SVI based on its components. More 
importantly, this formula clearly expressed the causal relationships among the SVI 
components.  
 The process of SVI calculation overcame limitations in previous research, such as data 
standardisation. 
The concepts of the three SVI components used in the research were closely based on the 
classical definitions of seminal work in this area, such as McCarthy et al. (2001), Adger 
(2003), Brooks (2003), and UNISDR (2004). Moreover, they were tested for suitability within 
the study context. The exposure, sensitivity, and adaptive capacity components were 
described as the percentage of households being directly affected by natural hazards, 
possessing socially susceptible characteristics, and having capabilities to adapt to natural 
hazards, respectively. Compared to other definitions of these terms (see Section 2.2.2), the 
suggested concepts were simpler. Furthermore, these notions expressed quantifiable aspects 
of SVI components. 
The formula of SVI proposed and used in this study, SVI=EI*SI*(1-ACI) (see Section 2.4.2), is 
a simple equation and can be easily computed. This benefit overcomes the complexity and 
vagueness in SVI calculation from some previous studies, such as Yohe & Tol (2002) and 
Adger (2003) (see Section 2.4.2). This formula also comprehensively reflects the causal 
relationships among the SVI components, linkages that are insufficient in previous studies 
(Hinkel 2011). To be more specific, the formula expresses that the SVI is calculated as the 
percentage of households that are being directly affected (EI), possessing socially susceptible 
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characteristics (SI), and limits in capabilities to adapt (ACI) to natural hazards. The SVI will 
increase when EI and/or SI increase, and the SVI will decrease as ACI increases. Therefore, 
the formula is coherent and in agreement with previous research.  
The process of SVI calculation avoided the step of data standardisation, which is common in 
some recent research (Hahn, Riederer & Foster 2009; Shah et al. 2013; Ahsan & Warner 
2014). This improvement overcomes the inherent limitation of data standardisation that the 
calculated SVI may not be compatible with future studies (Hahn, Riederer & Foster 2009; 
Ahsan & Warner 2014). 
6.2.1.3 Factor identification 
Two primary approaches to developing an SVI may be identified as deductive approaches 
based on existing theory, and inductive approaches based on data (Yoon 2012; Hinkel 2011). 
Each approach has strengths and weaknesses, requiring an appropriate choice to be based on 
the various conditions, including the knowledge and analytical ability of vulnerability 
assessment, availability of data on vulnerability, and emergency management strategies 
(Yoon 2012). The limitation of a deductive approach is that theory-based factors may be 
inappropriate or inaccurate in describing dynamic systems of climate and community change. 
Moreover, this approach could only be used for selecting factors, but not for aggregating them 
(Hinkel 2011). The inductive approach must confront the constraint of data unavailability 
(Hinkel 2011), particularly in developing countries. The approach used in this research was a 
combination of these two primary approaches, together with some improvements. Theory and 
data were still used to identify the factors of an SVI, however basic theories on social 
vulnerability were used to establish a conceptual framework, as well as to define three 
components of an SVI. Primary data generated from a qualitative survey – with the 
participation of local experts and decision-makers – was then used as the basis for exploring 
and selecting factors to include in the SVI. Therefore, this approach overcame potential 
limitations, including those of out-of-date basic theories and unavailable data. Moreover, 
factors derived from this method were probably more appropriate due to the practical 
conditions of climate change in the case study. 
6.2.1.4 Spatial scale selection 
The spatial scale of assessment is also a crucial element to consider, as social vulnerability 
varies from place to place (Rygel, O’sullivan & Yarnal 2006). SVI studies have been 
146 
 
conducted at many different scales, from county (Cutter, Mitchell & Scott 2000; Wu, Yarnal 
& Fisher 2002; Bjarnadottir, Li & Stewart 2011), to city (Yoo, Hwang & Choi 2011); to 
nation (Cutter, Boruff & Shirley 2003; Heltberg & Bonch-Osmolovskiy 2011); and to 
international scales (Boruff & Cutter 2007). In this research, a local scale at two levels, 
commune and city, was selected. This selection was appropriate given the dominant theory to 
date. Fekete, Damm & Birkmann (2010) argue that vulnerability assessment at the local scale 
demonstrates advantages in capturing the roots of social vulnerability. Hinkel (2011) confirms 
that social vulnerability indices are best examined at local scales where systems can be 
narrowly defined and, hence, deductive arguments are available for selecting indicating 
variables and inductive arguments for aggregating those variables. Practically, the SVI of Quy 
Nhon city was an aggregation of three components and only 26 factors, and the outputs of 
SVI calculation confirmed the suitability of the proposed index and their factors. They 
comprehensively and accurately reflected the characteristics related to climate change issues of 
the five selected communes as well as the whole of Quy Nhon city. 
It is possible and reasonable to speculate on whether the SVI computed in this research is 
suitable when developing an SVI on a larger scale, such as at a large provincial or even 
national scale, or for much smaller scales, such as for a household. While a definite answer is 
not possible at this stage, some barriers can be foreseen at such scales. At the larger scale, it 
will be difficult to identify and aggregate the limited amount of factors required from the 
many possibilities, owing to the complexity of systems involved, the many characteristics 
associated with climate change, and the little data available (Hinkel 2011). In terms of the 
smaller scale at household level, household vulnerability is more dynamic than at larger 
scales, so it would need to be able to reflect these dynamics across relatively short time scales 
(Eakin & Bojórquez-Tapia 2008). In summary, the selection of spatial scales should depend 
on the specific objectives of the social vulnerability assessment (Hahn, Riederer & Foster 
2009). 
6.2.1.5 Data sources 
Most previous studies use secondary data since this approach avoids the resources required to 
collect primary SVI-specific data. However, this approach confronts some inherent 
limitations. Firstly, research using secondary data often suffers from data unavailability and 
also contends with inconsistent or missing data. To overcome this, approaches using 
secondary data often combine data collected at different temporal or spatial scales (Sullivan 
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2002; Vincent 2004). This then creates data efficacy problems. Secondly, information on 
sources of measurement error in secondary data sets is often lacking, making sensitivity 
analysis difficult (Ahsan & Warner 2014; Hahn, Riederer & Foster 2009).  
To overcome these limitations, primary data was used in this research in order to quantify an 
SVI. This approach was employed in other research, such as Hahn, Riederer & Foster (2009); 
Shah et al. (2013); Ahsan & Warner (2014). The method of using primary data from the 
household questionnaire survey in this study brought various benefits. Firstly, data was 
current at the time of research implementation. Secondly, the data validation process 
contributed to refining the factors of the SVI. Finally, the survey process was considered as an 
alternative method of enhancing awareness of climate change issues for local residents in the 
case study. 
6.2.2 Research design and methods 
6.2.2.1 Research design 
Two main aims of the research were proposed. While the first aim developed a new 
mechanism to aggregate and account for causal relationships among components of an SVI 
based on theory and the practical context of the study, the second aim applied and tested the 
proposed SVI through a combination of qualitative and quantitative methods with the 
participation of local stakeholders. This design was appropriate for the type of research which 
comprised both exploratory and confirmatory stages (Teddlie & Tashakkori 2009). The 
general plan of this study was relatively similar to recent research on the same topic (Hahn, 
Riederer & Foster 2009; Yoo, Hwang & Choi 2011; Shah et al. 2013; Ahsan & Warner 2014). 
However, the difference and prominence in this study compared to others were the integration 
of qualitative and quantitative methods, and the local detail achieved through using primary 
data collection methods to calculate the SVI. While qualitative techniques were used to 
identify factors, quantitative ones refined the selected factors and calculated the SVI. This 
combination contributed significantly to confirming the suitability of the proposed SVI. As a 
result, the proposed SVI was not only credible but also practical, and led to clear climate 
change policy implications for the region of the case study, and more broadly. 
6.2.2.2 Research methods 
A mixed methods research approach was selected as an appropriate choice for the study. 
While qualitative research often focuses on exploring issues, and quantitative research on 
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confirming issues, mixed methods research can simultaneously address a range of 
confirmatory and exploratory questions with both qualitative and quantitative approaches 
(Teddlie & Tashakkori 2009). In this study, the mix of qualitative and quantitative methods 
was employed not only in the whole research, but also within a single aim, namely Aim 2. 
Some appropriate reasons for the selection of the mixed methods research in this study are 
offered. Firstly, vulnerability assessment for making decisions to respond to climate change is 
always a complex issue, with both certain and uncertain dimensions to the variety of data 
needed (Fussel & Klein 2006). Consequently, an integrated approach and employing a group 
of integrated research methods is required. Secondly, the main tool applied in this study is the 
SVI, which itself consists of both qualitative/conceptual and quantitative/numerical methods. 
Each method has distinctive advantages and disadvantages, requiring a wise balance; mixed 
methods research, therefore, was the appropriate way to achieve the balance needed for this 
complex issue. Thirdly, mixed methods research also can help to achieve the qualitative and 
quantitative purposes of the research. The qualitative stage improves our understanding of the 
factors within a system which are used to build up an SVI, and the quantitative stage allows 
us to simulate the values of the SVI with real numbers, which are easier for decision-makers 
to manage. 
Besides the advantages of a mixed method approach, specific methods used in this study also 
showed particular benefits. A series of the qualitative methods – including a Delphi survey, 
in-depth interviews and focus group discussions – were conducted in the qualitative phase and 
their advantages were discussed in detail in Section 4.4.1. The quantitative phase employed a 
household questionnaire survey which presented benefits in quantifying the SVI (see Section 
5.5.1). 
6.2.3 SVI factors and calculation 
6.2.3.1 SVI factors 
A total of 29 factors and 29 indicators for the three main components of the SVI were 
identified and selected to develop the SVI. As Table 6.1 shows, the number of sub-
components and factors within the proposed SVI in this research was moderate compared to 
other research which developed the same type of the SVI (including three components: 
exposure, sensitivity, and adaptive capacity). However, the relative balance in the number of 
factors in each component of the SVI in this study was not expressed in other research. This 
balance brings equal contributions from each component to the SVI.  
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Table 6.1 Number of sub-components and factors of an SVI 
Reference 
Number of 
components 
Number of 
sub-components 
Number of 
factors 
Hahn, Riederer & Foster (2009) 3 7 31 
Heltberg & Bonch-Osmolovskiy (2011) 3 13 22 
Shah et al. (2013) 3 7 33 
Ahsan & Warner (2014) 3 5 24 
This study (2015) 3 8 26 
Another advantage of the SVI factors in this research was the detailed information collected. 
These factors were identified and selected based on a combination of three techniques, 
including Delphi survey, in-depth interviews, and focus group discussions with the 
involvement of local experts and decision-makers. Indeed, information about factors was 
supplied, revised, and refined a number of times. As a result, the outputs of the factor 
selection process not only contributed to developing the SVI, but also help to draw a 
comprehensive picture of climate change issues in the case study, which were the basis to 
propose policy implications. 
The important difference in the SVI factors in this study compared with other research on the 
same topic was the unification of their indicators. Specifically, all proposed SVI indicators 
were in the same pattern as the ratio of households possessing a specific characteristic 
associated with exposure, sensitivity, or adaptive capacity to climate change to total studied 
households. This unification was convenient to aggregate and quantify those factors, and was 
the basis to establish causal relationships among the three components of the SVI. 
6.2.3.2 SVI calculation 
More importantly, the outputs of the SVI calculation were not only the SVI, but also the 
scores and indices of factors, sub-components and components in the five studied communes. 
These outputs were the basis to make comparisons at various structural levels of the SVI, such 
as factors, sub-components, components, and the overall SVI. Moreover, the highlight of the 
quantitative phase of this study compared to other research on the same topic was that the SVI 
was calculated for two scales, namely commune and city scales. As a result, some interesting 
findings and implications were drawn for both scales.  
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6.2.4 SVI applications 
An SVI is a useful tool for evaluating social vulnerability over time and space, for exploring 
sensitive areas and groups, and for supporting decision-making by optimising strategies 
(Lixin et al. 2014; Hinkel 2011). In practice, the outputs of this research confirmed these 
assumptions, and some specific applications of the SVI are detailed in the 12 actions in 
Chapter 5, and summarised below. 
6.2.4.1 Identifying particularly dangerous hazards 
The proposed SVI included an exposure component, which comprised common natural 
hazard events in the studied area. The outputs of both of the qualitative and quantitative 
phases led to the development of a list of the most prominent hazards in Quy Nhon city. 
Moreover, the study also ranked these hazards by their negative impact levels. To be more 
specific, storms, floods, droughts, and sand drifts were classified as the most dangerous 
hazards in Quy Nhon city, based on local stakeholders’ perspectives. This result was 
confirmed by published studies (Tien et al. 2010; IWE 2009; IMHEN 2009a) and was the 
basis for selecting priorities for hazardous mitigation. Surprisingly, this suggested application 
from the study is a new application of the SVI approach compared to most previous research, 
which typically identifies common natural hazards based on literature review (Hahn, Riederer 
& Foster 2009; Heltberg & Bonch-Osmolovskiy 2011; Shah et al. 2013; Ahsan & Warner 
2014). 
6.2.4.2 Identifying particularly vulnerable groups, regions, and sectors 
The identification of particularly vulnerable groups, regions, and sectors was emphasised in 
the study of Hinkel (2011), in which he mentioned that this application was only used at local 
scale, but not at larger scales. In the study, the qualitative and quantitative outcomes for 
developing the SVI indicated vulnerable elements to climate change in the case study, which 
included susceptible groups, regions, and sectors. To be more specific, the study pointed out 
that old people (households with at least one person over 60-years-old) and women 
(households with a female as head) were the most sensitive groups to climate change in Quy 
Nhon city. Moreover, peninsular and suburban areas were more vulnerable than interior areas. 
Furthermore, aquaculture was the sector most seriously affected by natural hazards.  
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6.2.4.3 Speculating on climate responsive policies 
Using SVI as an effective tool for deriving adaptive policies was confirmed in previous 
research (Ahsan & Warner 2014; Vincent 2004; Lixin et al. 2014; Rygel, O’sullivan & Yarnal 
2006; Siagian et al. 2014). In fact, various adaptive strategies and actions can be suggested 
based on the outputs of this research (Chapter 5), both specifically for the case study location, 
and for broader applications of the SVI in other locations.  
6.2.4.4 Enhancing awareness 
The process of developing the SVI in this study was comprehensive, involving numerous 
groups of local stakeholders. This process itself improved awareness of climate change, 
especially for the directly engaged participants and their networks. The Delphi survey using 
the three repeated rounds supplied local experts with a large amount of knowledge and 
information about exposure and sensitivity to natural hazards. The focus group discussions 
helped participants obtain a comprehensive picture of issues associated with adaptive capacity 
at the household scale. The investigating process of the household questionnaire survey also 
provided basic knowledge about climate change to local residents. Moreover, the main 
researcher of this study, a local expert, and some his local co-workers, obtained a deep 
understanding of climate change issues in Quy Nhon city. Last but not least, this knowledge 
and information will be spread when the outputs of this research are disseminated and 
published. 
6.2.4.5 Further implications of the study 
Previous studies indicated a variety of benefits and applications obtained from the SVI 
approach. Some of them were confirmed in this research, particularly the fact that SVI was an 
effective tool to derive adaptive policies (Hinkel 2011; Rygel, O’sullivan & Yarnal 2006; 
Cutter & Finch 2008). Put simply, the SVI is a compression into several simple numbers of 
many complex issues about social vulnerability to climate change. Adaptive policies can be 
proposed based on these numbers. This judgement is correct, but not complete; in practice, the 
SVI and other indices obtained from this study comprehensively reflected characteristics 
associated with climate change issues in the case study. Then some feasibly adaptive 
strategies and actions were suggested based on these indices. However, some other interesting 
implications could be offered not only by depending on the values of an SVI, but also from 
the process of developing an SVI, such as the outputs of steps of interviews, focus group 
discussions, and household questionnaire surveys. In other words, each step developing the 
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SVI can be the basis for policy-making. The outputs of this study demonstrate this issue. In 
reality, some proposed adaptive strategies, such as “enhancing community awareness” and 
“fully collecting community perspectives”, were offered based on the outcomes of surveys. 
The above discussion confirms again the interesting opinion of Schmidtlein et al. (2008), that 
the SVI approach may be best viewed as an algorithm for quantifying social vulnerability, 
rather than as a simple numerical index. 
6.3 Research Limitations 
6.3.1 Proposed SVI 
Generally, weighting schemes are important in aggregation processes (Fekete, Damm & 
Birkmann 2010; Yoon 2012). Most existing research does not specifically weight social 
vulnerability indicators. This means that they effectively weight each factor equally, which is 
unlikely to reflect reality, since not all vulnerability indicators are necessarily equal. The main 
reason for using equal weighting is that this scheme creates a simple aggregation process 
(Vincent 2004). Conversely, some studies apply weights, for example, via “expert judgement” 
(Vincent 2004), or weights derived through principal component analysis (PCA) (Crowards 
1999), an analytical hierarchy process (Bjarnadottir, Li & Stewart 2011), or Pareto ranking 
(Kleinosky, Yarnal & Fisher 2007). 
In this study, an equal weight scheme was employed in the aggregation processes, including 
factors within sub-components, sub-components within components, and components within 
the SVI. The use of this scheme originated from a search for maximum simplicity and a 
recognition that social vulnerability to climate change is complex and uncertain (Fekete 2009; 
Barnett, Lambert & Fry 2008). This approach also accords with other recent research on the 
same topic (Sullivan 2002; Hahn, Riederer & Foster 2009; Shah et al. 2013). 
However, not all vulnerability indicators are necessarily equal (Yoon 2012) because the 
effects of dominant social factors vary between regions (Bjarnadottir, Li & Stewart 2011). 
Averaging component scores poses significant problems, such as factors over-credit 
(Niemeijer 2002; Rygel, O’sullivan & Yarnal 2006). Therefore, the application of some sort 
of weighting is appropriate (Vincent 2004). Using an unequal weighting scheme might 
indicate some factors and/or components are more important than others. These results can be 
the basis for selecting priorities of adaptive strategies. 
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The temporal scale used for vulnerability assessment is very important. SVI could be used to 
effectively quantify variations in social vulnerability over time (Rygel, O’sullivan & Yarnal 
2006; Cutter & Finch 2008). However, most research estimates SVI in the present, while 
drawing upon past and current socio-economic data and historical information on hazardous 
events. Only a few studies attempt to derive the values and compare different SVI based on 
different scenarios of factors in the future (Wu, Yarnal & Fisher 2002; Rygel, O’sullivan & 
Yarnal 2006; Kleinosky, Yarnal & Fisher 2007; Bjarnadottir, Li & Stewart 2011). Therefore, 
Hahn, Riederer & Foster (2009) suggests that a vulnerability index might be used to project 
future vulnerability under simple climate change scenarios.  
This research calculates the SVI in the current time by using current primary data. Based on 
these outputs, some policy implications are proposed in order to reduce social vulnerability in 
the studied area in the future. This is suitable and reasonable. However, further work could 
explore future scenarios of SVI computed through future scenarios of SVI factors (Lixin 
2014). 
6.3.2 Research design and methods 
The research design was led by anticipated differences in perspectives of climate change 
issues between local experts and residents (see Section 5.3.2), and from a position of 
advocating both primary and secondary data in SVI calculation. Local experts’ perceptions 
were used in order to identify and select factors of the SVI in Phase 2. Differences in opinions 
between local experts and residents were tested in Phase 3 and were not remarkable. 
The study used mixed methods, including qualitative and quantitative techniques. These 
techniques possessed some advantages and contributed to the success of the research. 
However, some disadvantages of each method were also discussed in detail previously (see 
Section 4.4.1 and Section 5.5.1). It must be confirmed again that these methods were used in 
specific ways, and that the selection of appropriate methods, and appropriately combining the 
methods in a suitable manner, are vital steps in SVI development. 
6.3.3 SVI applications 
Two potential applications of the SVI approach drawn from the literature review were not 
pursued in this research. They are identifying mitigation targets, and monitoring adaptive 
policy. Climate change mitigation is a large question of global scope (Hinkel 2011). This 
study focused on adaptation at the local scale, and it is appreciated that by extension, the SVI 
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approach could be used for identifying mitigation targets. Furthermore, some studies suggest 
applying the SVI to monitor adaptive policies (Hahn, Riederer & Foster 2009; Yoo, Hwang & 
Choi 2011). Specifically, Hahn, Riederer & Foster (2009) recommended that the impact of a 
program or policy could be assessed by substituting values of indicators that were expected to 
change and recalculating the overall vulnerability index. This study did not conduct this step, 
so this application was not tested. However, this limitation is relatively similar to the 
restriction of the temporal scale selection (see Section 6.3.1). The solutions for overcoming 
these limitations are suggested in the next section. 
6.4 Further Work 
6.4.1 Improving the proposed SVI 
6.4.1.1 Weighting scheme 
As mentioned in Section 6.3.1.1, using an equal weighting scheme in this research might not 
comprehensively and accurately reflect climate change issues in the studied areas. It is 
necessary to employ several weight schemes in future work. Certainly, there are many types 
of weights, and some of them were used in previous research on the same topic, for example, 
via “expert judgement” (Vincent 2004), PCA-derived weights (Crowards 1999), an analytical 
hierarchy process (Bjarnadottir, Li & Stewart 2011), and Pareto ranking (Kleinosky, Yarnal & 
Fisher 2007). This study suggests the use of normative weights in any future study of 
developing an SVI. The main reason is that a normative weights approach depends on value 
judgements, or the weighting scheme is derived via stakeholders’ perspectives (Nardo et al. 
2005; Decancq & Lugo 2012; Belhadj 2012). Therefore, this approach matches the techniques 
used in this study, such as the Delphi survey, key-informant interviews, and focus group 
discussions, which are based on the experts’ perspectives. Analytical hierarchy process (AHP) 
is a specific and common technique in this approach (Saaty 1990). The AHP was successfully 
employed in the research of Bjarnadottir, Li & Stewart (2011) to weight not only the factors, 
but also the components, of the coastal community social vulnerability index. 
6.4.1.2 Future scenarios 
Temporal scale selection is also a shortcoming of this study. Specifically, the research only 
calculated SVI for the current time, but not for future periods. Normally, a substitution of 
some climate change scenarios, such as temperature rise or sea level rise, would obtain some 
different values of SVI (Hahn, Riederer & Foster 2009). This issue was examined in other 
research (Wu, Yarnal & Fisher 2002; Rygel, O’sullivan & Yarnal 2006; Kleinosky, Yarnal & 
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Fisher 2007; Bjarnadottir, Li & Stewart 2011) and received good results. However, their 
research did not bring into play the potential of the SVI as they only focused on scenarios of 
climatic events (therefore, affecting only the exposure component). The SVI should be tested 
with changes of scenarios of socio-economic developments (affecting sensitivity and adaptive 
capacity components). For example, the strategy for socio-economic development of Quy 
Nhon city to 2030 includes anticipated percentages of poor households, agricultural 
households, and households with permanent or semi-permanent houses in 2020 and 2030. 
These socio-economic scenarios can be used to compute an SVI for future times. The values 
of future SVI can be used to assess the suitability of socio-economic development policies in 
the context of climate change. Moreover, scenarios of adaptive capacity elements can be 
proposed by researchers or policy-makers in order to reduce values of SVI in the future. 
These suggestions can be the basis to plan for adaptive policies. 
6.4.2 Extending the potential of the SVI approach 
6.4.2.1 Integrating physical vulnerability  
Vulnerability can be divided into two mainly distinguishable categories, physical or 
biophysical vulnerability, and social vulnerability (Adger 1999; Brooks 2003). Some 
researchers concentrate on either physical or social vulnerability, or both (Brooks 2003) 
although social vulnerability is generally the most commonly studied (Cuevas 2011), as this is 
where social vulnerability approaches are seen as having the highest benefits and lowest 
uncertainties compared to other approaches (Jha, Bloch & Lamond 2012). Indeed, McCarthy 
et al. (2001) argue that adaptive capacity for reducing vulnerability in natural systems tends to 
be more limited than adaptive capacity in human systems. 
The important role of physical vulnerability cannot be ignored. Social vulnerability is still one 
part of a general system, so different scenarios of social vulnerability index are only 
meaningful if risk exposure and physical vulnerability are held constant (Vincent 2004). 
However, this assumption rarely happens in reality, especially in the context of climate 
change. Indeed, combining physical vulnerability together with social vulnerability into a 
vulnerability index is necessary in order to comprehensively evaluate vulnerability to climate 
change for a specific area. 
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6.4.2.2 Applying SVI in adaptive policy-making 
This study suggested some adaptive strategies and actions based on the outputs of the 
calculated SVI. However, these suggestions were based on speculation and were not tested. 
Moreover, the separation of strategies and actions in this study was arbitrary. Further work is 
necessary to establish a mechanism, method, or technique (or a combination) to transfer the 
outputs of the process of developing SVI to adaptive policies. 
6.5 Summary 
This chapter focused on discussing three aspects of the research: contribution to knowledge, 
limitations, and further work. The discussion was not only to enunciate the value and quality 
of the SVI research, but also to indicate limitations and possible future directions for further 
development.  
The proposed SVI includes three main components – exposure, sensitivity and adaptive 
capacity – which are integral to the SVI. The SVI formula is a simple calculation and 
comprehensively reflects associative relationships among the SVI components. By avoiding 
standardisation in the SVI calculation, the SVI method avoids the shortcomings of other SVI 
approaches regarding compatibility with future studies.  
The research design employed four phases, and an innovative mix of qualitative and 
quantitative techniques. Secondary data was supplemented with a multi-stage Delphi expert 
judgement phase, followed by qualitative interviews, focus groups, and then a large-scale 
quantitative survey. The selection of the local scale in the research was appropriate and using 
primary sources of data allowed for a level of data consistency and detail that is unusual in 
SVI studies. 
All 26 SVI factors in this research were developed, identified, and explained in detail. 
Moreover, a prominent result of this research was the unification of the indicators which were 
in the same measure scale as the ratio of households possessing a specific element to total 
studied households. The outputs of the SVI calculation were not only the calculated SVI, but 
also the scores and indices of factors, sub-components, and components in the five studied 
communes, and for the whole of Quy Nhon city. More importantly, these indices 
comprehensively and accurately reflected characteristics associated with climate change 
issues in the area studied. 
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The proposed SVI is not only robust but also allows for speculation on policy implications for 
the location studied. This chapter also discusses and suggests some applications of the SVI. 
Interestingly, the research offers an assumption that implications can be offered not only by 
depending on the values of SVI, but also from the process of developing the SVI. In other 
words, the SVI approach may be best viewed as an algorithm for quantifying social 
vulnerability, rather than as a simple numerical index. 
The limitations of the research include the equal weighting scheme, the focus on the present, 
and the fact that the research does not extend to using the SVI approach for identifying 
mitigation targets and monitoring adaptive policy.   
Finally, based on discussions of advantages and disadvantages of the SVI in this research, 
together with the literature review, some additional areas for future work are proposed. Some 
are to inform potential improvements to the proposed SVI, and others for extending the 
potential applications of the SVI approach. 
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CHAPTER 7. CONCLUSION 
 
7.1 Introduction 
Understanding and assessing social vulnerability to climate change is a critical issue. One 
promising way to assess the social vulnerability is the use of an index – developing a Social 
Vulnerability Index. If designed appropriately, an SVI helps researchers and decision-makers 
understand the social dimensions of vulnerability to climate change issues over time and 
across space, and informs priority choices in reducing vulnerability and disaster damage.  
The main goal of this research has been to develop and assess a practical SVI and to then 
speculate on its applications in decision-making about climate change at the local scale. To 
achieve this goal, the research focuses on two aims: firstly to develop a new SVI through a 
new mechanism to aggregate and account for causal relationships among its components, and 
secondly to examine the proposed SVI in the specific context of the case study location. 
Using mixed methods research as the key approach, and Quy Nhon city in central coastal 
Vietnam as the case study location, the study proposed and developed a new SVI, which 
overcame some previous limitations of the SVI development approach, and was suited to the 
local scale to better inform decision-making on climate change adaptation. 
In this chapter, the main findings of the research are listed simultaneously with the four 
objectives and steps in Section 7.2. Section 7.3 then clarifies key contributions of the 
research. 
7.2. Research Findings 
7.2.1. Developing a new SVI 
7.2.1.1 What is the appropriate conceptual framework of an appropriate SVI? 
This question is addressed in the Sections 2.2.2, 2.3.2, and 2.4.1 of Chapter 2, and Section 
6.2.1 of Chapter 6. The study indicates that the complexity of social vulnerability (Cutter 
1996; Brooks 2003) leads to a variety of SVI components, but that social vulnerability is still 
based on the incorporation of three main components, exposure, sensitivity, and adaptive 
capacity (McCarthy et al. 2001). Some research uses one component (Cutter, Boruff & 
Shirley 2003), while others aggregate mixed components in developing an SVI (Hahn, 
Riederer & Foster 2009; Heltberg & Bonch-Osmolovskiy 2011; Yoo, Hwang & Choi 2011; 
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Shah et al. 2013). However, the involvement of all three main components in the SVI is 
appropriate with regard to theoretical and practical considerations. 
The conceptual framework of vulnerability to climate change and its place in an SVI is shown 
in Figures 2.2 and 2.3. In this framework, the relationships between SVI components are 
discussed in Section 2.2.2. The research points out the fact that a sensitivity component with 
demographic and social characteristics should certainly be included in the SVI. Moreover, 
exposure and adaptive capacity components have causal relationships with the SVI. 
Specifically, an increase in the exposure index leads to an increase of the SVI, but an increase 
in the adaptive capacity index causes a decrease of the SVI. In other words, the social 
vulnerability of a community will rise when this community is more exposed to climate 
change, but it will be reduced when adaptive abilities of this community are improved. 
7.2.1.2 What are the necessary SVI components? 
This question is discussed and answered in Sections 2.2.2, 2.3.2, and 2.4.1 of Chapter 2. 
There are some differences in concepts of the three SVI components because of the 
differences in approaches, scope, contexts, and priorities of the material they draw upon. The 
appropriate conceptions of the SVI components in this study reflect not only the nature but 
also the quantifiable aspects of these components. To be more specific, the exposure, 
sensitivity, and adaptive capacity components are described as the percentage of households 
being directly affected by natural hazards, possessing socially susceptible characteristics, and 
capabilities to adapt to natural hazards, respectively. This is an important basis for the process 
of SVI calculation. 
7.2.1.3 How can the SVI components be aggregated? 
The mechanism for aggregating the SVI is one of the highlights of this study. This issue is 
addressed in Sections 2.2.2, 2.3.2, and 2.4.2 of Chapter 2 and Section 6.2.1 of Chapter 6. The 
appropriate formula of the SVI is proposed as SVI=EI*SI*(1-ACI). This proposal is closely 
based on the concepts of SVI components generated from the previous question. While the 
mechanism for aggregating the SVI in this study reflects the associative relationships among 
SVI components, the mechanism for calculating the SVI is very simple and overcomes 
common limitations in previous research, such as data standardisation. 
The study confirms the assumption that social vulnerability indices are best examined at local 
scales where systems can be narrowly defined and, hence, deductive arguments are available 
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for selecting indicating variables, and inductive arguments for aggregating them (Hinkel 
2011). At the local scale, at commune scale, and city levels, the proposals of the concepts of 
SVI components and mechanism for aggregating and accounting the SVI in this research are 
appropriate in terms of theory and practice.  
7.2.2 Establishing a specific SVI for the case study 
7.2.2.1 What are specific factors and indicators of SVI in the case study? 
Social vulnerability is often hidden and complex, nested in various human and place-sensitive 
aspects (Fekete 2009; Barnett, Lambert & Fry 2008). Thus the choice of variables, including 
factors and indicators, was an important step in SVI development (Yoon 2012). Because of 
the vital role of this step, the research designed one phase for factor selection. The findings 
from this phase are described in Chapter 4 and are summarised below. 
Firstly, factors and indicators of the SVI can be identified through a variety of techniques, 
such as Delphi surveys, in-depth interviews, and focus group discussions with the 
participation of local stakeholders. This approach overcomes limitations of the two primary 
approaches, namely inductive (data-driven) and deductive (theory-driven). Compared to the 
data-driven and theory-driven approaches, using local opinions helped researchers obtain 
explicit understandings of issues associated with social vulnerability to climate change 
locally, and to develop locally-appropriate SVI factors. 
Secondly, the study indicates advantages and disadvantages of the used techniques in Section 
4.4.1. A wise combination of these methods was necessary in order to overcome their 
limitations and improve obtained results. Moreover, an involvement of a variety of local 
stakeholders was valued for the process of factor identification.  
Lastly, 29 factors and 29 indicators within three SVI components were identified in this 
research. All factors were not only identified, but also explained in detail, including their 
conceptions, relationships, and frequencies in the past and future. They are main elements 
which are closely related to climate change issues in Quy Nhon city and are the basis to 
establish a specific SVI for this city. 
161 
 
7.2.3 Calculating the SVI for the case study 
7.2.3.1 How can data be collected?  
The use of secondary data for calculating an SVI reveals some limitations in previous studies, 
especially data unavailability and inconsistency (Yoon 2012; Hinkel 2011; Tapsell et al. 
2010). Therefore, this research used primary data collected from the household questionnaire 
survey. The use of multi-cluster sampling in the questionnaire survey in this research revealed 
some advantages. More importantly, the data collected was used to calculate the SVI at two 
scales – one for the five studied communes, and another for the whole of Quy Nhon city. The 
study points out that the success of the process of data collection originated from some issues 
(see Section 5.5.1). Firstly, the non-response rate should be included in the sample size. 
Secondly, the questionnaire should be simple in order to reduce interviewing time, increase 
the accuracy of perceived outputs, and to simplify entering and analysing data. In this study, 
the questionnaire was designed in a simple form with close-ended “yes-no” questions. 
Thirdly, it was necessary to set up a survey team who were familiar with the research topic. 
The survey team needed to be trained in a short course with the guidance of the principal 
investigator. Lastly, the involvement of village leaders in the investigative process was very 
important. They helped the survey team make contact with surveyed households, determined 
surveyed households’ addresses, reduced the gap between interviewers and interviewees, and 
provided relevant information about surveyed households. 
7.2.3.2 How can data be validated? 
Data validation is a necessary step in order to measure reliability of the collected data. 
However, the selection of appropriate methods or techniques for validating data is not easy. 
This is dependent on several elements, particularly the goals of the research and data 
characteristics. With the specific goal of this research, and the form of binary data collected 
from the questionnaire survey, the Chi-square test was selected as the main technique for 
validating data (see Sections 3.3.1 and 5.3.1). The outputs of the Chi-square test in this study 
indicated the fact that the step of data validation was not only to measure reliability of the 
collected data, but also served as an additional stage for refining the SVI factors.  
7.2.3.3 How can an SVI be calculated? 
This study has shown an SVI is easy to calculate based on the proposed formula and the data 
from the household questionnaire survey. More importantly, the study computed not only the 
SVI but also other results, such as the scores of factors and sub-components, and indices of 
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components. These scores and indices are detailed for all five selected communes as well as 
the whole Quy Nhon city. These outputs are the basis for assessing and determining adaptive 
strategies and actions for Quy Nhon city. Moreover, the process of SVI calculation, itself, 
does not require the step of data standardisation which is very common in previous research. 
This improvement overcomes the inherent limitation of data standardisation, in that the 
calculated SVI might not compatible with future studies (Hahn, Riederer & Foster 2009, 
Ahsan & Warner 2014). 
In this study, the SVI was calculated for the five studied communes and the whole Quy Nhon 
city. Moreover, the detailed scores of factors and sub-components, and indices of 
components, were also computed for these areas. Fortunately, the outputs of the SVI 
calculation matched with the identified practical issues regarding social vulnerability to 
climate change in the case study. The study indicated some interesting implications of the SVI 
structure. Specifically, the main contribution to the value of SI was through the demographic 
profile, but the differences in the value SI were mainly due to the socio-economic profile. 
Moreover, the contributions of three sub-components: human, social-political, and physical 
capitals, were considerably larger than the contributions of the financial and natural capitals to 
the ACI.  
7.2.4 Proposing policy implications for the case study  
7.2.4.1 What and how policy implications can be proposed for the case study?  
a. What policy implications can be proposed for the case study? 
Eight adaptive strategies and 12 specific actions are suggested derived from the outputs of the 
research, especially the results of the SVI calculation. While the strategies cover a wide range 
of general issues, the actions focus on solving specific problems associated with climate 
change adaptation in the case study. All proposed strategies and actions meet scientific and 
practical requirements. Thus, these proposals are appropriate and practical, and can be applied 
in order to improve the adaptation of the Quy Nhon city to climate change issues, and assist 
other areas with similar characteristics (see Section 5.4). 
b. How can policy implications be proposed for the case study? 
Outputs of the SVI calculation confirm that an SVI is an appropriate tool to evaluate and 
compare social vulnerabilities of the different studied areas. Moreover, using the local, 
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primary data-driven approach, indices of SVI components can be used to analyse individual 
neighbourhood differences in exposure, sensitivity, and adaptive capacity. As a result, it is 
possible to speculate that this approach may support decision-making in responding to climate 
change. Specifically, the ranking of studied areas by their SVI and other indices can be a 
useful basis for selecting priority issues and locations for strategies and actions designed to 
address specific aspects of social vulnerability. The differences in scores of factors and sub-
components reveal which aspects should be focused on. 
More interestingly, some policy implications can be offered not only by depending on the 
values of the SVI, but also from the process of developing the SVI, such as the outputs of 
steps of interviews, focus group discussions, and household questionnaire surveys. In other 
words, each step of developing the SVI can be the basis for policy-making. The outputs of 
this study demonstrate this issue. In reality, some proposed adaptive strategies, such as 
“enhancing community awareness” and “fully collecting community perspectives”, are 
offered based on the outcomes of surveys. The above discussion confirms again an interesting 
opinion of Schmidtlein et al. (2008) that the SVI approach may be best viewed as an 
algorithm for quantifying social vulnerability, rather than as a simple numerical index. 
7.3 Research Contributions 
The research contributes to the growing body of research on vulnerability to climate change 
and practical processes of policy-making on climate change in the case study location. 
This study provides a general picture of research on quantifying social vulnerability, which is 
the basis for developing the proposed SVI. A new method to aggregate and account for 
associative relationships among SVI components is a main contribution of this research in the 
growing academic field of climate vulnerability assessment. This mechanism not only reflects 
causal relationships among SVI components which are not clarified in existing studies, but 
also presents a simple way to calculate an SVI.  
A series of qualitative and quantitative methods used in this research to establish and calculate 
an SVI can be examined as practical tests of methodologies in building an SVI, and may be 
expected to have wider applications. Moreover, the study operationalizes the idea of the 
methods for involving local community perspectives in developing an SVI.  
The process of establishing and calculating an SVI in this study engaged direct participation 
with local experts, decision-makers and residents in the case study. Consequently, the 
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research contributes to improved knowledge and experience of vulnerability and adaptation to 
climate change for local stakeholders. 
The study proposes a policy framework for specific adaptive strategies and actions for Quy 
Nhon city to respond to climate change. This is a good source for local academic experts and 
decision-makers in policy-making around climate change adaptation. Moreover, the research 
also suggests other applications of an SVI which may be valuable to the case study and other 
areas in Vietnam. 
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APPENDIX A. DELPHI SURVEY - OUTPUTS OF ROUND 1 
 
1. Exposure component 
Factor Sub-component Explanations 
Participant 
Frequency 
Rank by 
frequency 
1 2 3 4 5 6 7 8 9 
1
0 
1
1 
1
2 
1
3 
1
4 
1
5 
1
6 
1
7 
1
8 
1
9 
2
0 
Temperature Hazardous events Monthly mean of temperature rise (P1), 
especially in summer (P1, P11) 
Annual mean of temperature rises (P3, P7, P9, 
P13, P15) 
x x x  x  x x x  x x x x x x x x x x 17/20 1 
Rainfall  Hazardous events Rainfall increases in rainy seasons and 
decreases in dry seasons (P1, P5, P7, P12, P13, 
P17) 
Shorter rainy periods (P2, P12, P15) 
Average annual rainfall increases (P9) 
x x  x x  x x x  x x x x x  x x x x 16/20 2 
Floods  Hazardous events Frequency and intensity of floods increase (P8, 
P9, P12, P13, P20) 
x  x x  x x x x  x x x x x x  x  x 15/20 3 
Storms/ 
typhoons  
Hazardous events More difficult to forecast the spatial and 
temporal occurrence of storms; stronger storm 
intensity (P4, P7, P11, P13, P16, P20). 
x   x x x x  x  x x x  x x  x  x 13/20 4 
Droughts Hazardous events Intensity of drought increases, especially in dry 
seasons (P4, P7, P9, P12, P13) 
x  x   x x  x  x x x x x x  x   12/20 5 
Saline 
intrusion  
Hazardous events Area of saline intrusion and intensity increases, 
concentrating in coastline areas (P4, P7, P12) 
x   x  x x    x x   x x  x   9/20 6 
Erosion  Hazardous events Erosion commonly occurs on the coasts, 
riverbanks, and Thi Nai lagoon banks (P4, P7, 
P12, P16, P20) 
x   x   x     x   x x x x  x 9/20 6 
Sea level rise Hazardous events Sea level rises by 2.5 mm per year (P7, P9, 
P13) 
x  x x x  x  x    x     x  x 9/20 6 
Tide Hazardous events Amplitude of tidal surges (P8) x     x  x    x    x x    6/20 9 
Sand drifts  Hazardous events Sand drifts commonly occur in the Nhon Hoi 
economic zone (P14) 
x             x x      3/20 10 
Pollution and 
pandemic  
Hazardous events Intensity of pollution and pandemic rises (P1) x             x  x     3/20 10 
Lack of 
water  
Hazardous events Lack of underground and surface water (P14) x          x   x       3/20 10 
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Number of 
sunny hours 
Hazardous events Average annual number of sunny hours 
decreases (P3, P20) 
  x                 x 2/20 13 
Air humidity  Hazardous events Annual mean of air humidity decreases (P3, 
P20) 
  x                 x 2/20 13 
Evaporation  Hazardous events Annual mean of evaporation rises (P3, P13)   x          x        2/20 13 
Monsoon  Hazardous events Monsoon period is shorter but intensity rises 
(P4) 
  x         x         2/20 13 
Siltation Hazardous events Siltation commonly occurs at deltas (P14)    x          x       2/20 13 
 
2. Sensitivity component 
Factor Sub-component Explanations 
Participant 
Frequency 
Rank by 
frequency 
1 2 3 4 5 6 7 8 9 
1
0 
1
1 
1
2 
1
3 
1
4 
1
5 
1
6 
1
7 
1
8 
1
9 
2
0 
Aquaculture Socio-economic 
profile 
People or households working in fishing 
and/or aquaculture (P7, P12, P13, P16) 
x  x x  x x x x  x x x x x x x x x x 17/20 1 
Agriculture Socio-economic 
profile 
People or households working in agriculture, 
including cultivation and/or breeding (P12) 
x  x x  x x x x  x x x x x x x x x  16/20 2 
Old people Demographic profile People over 60-years-old (P7) x  x x x x x  x  x x x  x x   x x 14/20 3 
Young people  Demographic profile People under 15-years-old (P7) x  x x x x x  x  x x   x x   x  12/20 4 
Poverty  Demographic profile Households in poverty conditions based on 
the Government policy (P17, P20) 
   x   x  x   x x  x x x   x 9/20 5 
Women  Demographic profile 
Female (P7) 
x   x  x x  x   x   x x     8/20 6 
Illness  Demographic profile People with special medical needs or chronic 
illness (P7) 
x     x x     x x  x      6/20 7 
Salt 
manufacture 
Socio-economic 
profile 
People or households working in salt farms at 
Nhon Binh and Dong Da wards (P7) 
     x x  x   x         4/20 8 
Immigrant Socio-economic 
profile 
People or households moving to current place 
from another one in the past five years (P7, 
P15) 
      x        x      2/20 9 
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APPENDIX B. DELPHI SURVEY - OUTPUTS OF ROUNDS 2&3 
 
1. Exposure component 
Factor Sub-component 
Round 2 Round 3 
Mean Median Consensus 
(%) 
Standard 
deviation 
Mean Median Consensus 
(%) 
Standard 
deviation 
Temperature Hazardous events 3.75 4.00 45 0.970 3.85 4.00 80 0.587 
Rainfall  Hazardous events 4.10 5.00 40 0.912 3.95 4.00 70 0.686 
Floods  Hazardous events 3.90 4.00 35 0.912 4.10 4.00 70 0.671 
Storms/typhoons  Hazardous events 4.20 4.00 40 0.768 4.10 4.00 70 0.587 
Droughts Hazardous events 4.15 4.00 65 0.587 4.10 4.00 80 0.447 
Saline intrusion  Hazardous events 3.75 4.00 55 0.639 3.85 4.00 75 0.489 
Erosion  Hazardous events 4.20 4.00 45 0.894 4.15 4.00 75 0.553 
Sea level rise Hazardous events 3.55 3.50 40 0.887 3.75 4.00 80 0.550 
Tidal surges Hazardous events 3.85 4.00 50 0.813 4.00 4.00 70 0.562 
Sand drifts  Hazardous events 4.15 4.00 55 0.671 4.05 4.00 85 0.394 
Pollution and 
pandemic  
Hazardous events 3.65 4.00 55 0.587 3.80 4.00 80 0.410 
Lack of water  Hazardous events 3.90 4.00 55 0.788 3.95 4.00 90 0.510 
Number of sunny 
hours 
Hazardous events 2.65 3.00 45 0.875 2.90 3.00 85 0.553 
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Air humidity  Hazardous events 3.05 3.00 50 0.826 3.00 3.00 90 0.324 
Evaporation  Hazardous events 3.35 3.50 50 0.813 3.65 4.00 65 0.745 
Monsoon  Hazardous events 3.25 3.00 45 0.786 3.30 3.00 60 0.671 
Siltation Hazardous events 3.75 4.00 40 0.851 3.95 4.00 70 0.686 
 
 
2. Sensitivity component 
Factor Sub-component 
Round 2 Round 3 
Mean Median Consensus 
(%) 
Standard 
deviation 
Mean Median Consensus 
(%) 
Standard 
deviation 
Aquaculture Socio-economic profile 4.55 5.00 60 0.605 4.65 5.00 70 0.587 
Agriculture Socio-economic profile 4.45 5.00 55 0.686 4.70 5.00 75 0.571 
Old people Demographic profile 4.05 4.00 60 0.759 4.15 4.00 75 0.489 
Young people  Demographic profile 3.65 4.00 35 0.933 3.85 4.00 70 0.671 
Poverty  Demographic profile 4.40 5.00 55 0.821 4.60 5.00 75 0.754 
Women  Demographic profile 3.60 4.00 50 0.598 3.80 4.00 80 0.410 
Illness  Demographic profile 3.95 4.00 45 0.999 4.00 4.00 75 0.649 
Salt manufacture Socio-economic profile 4.20 4.00 45 0.834 4.20 4.00 70 0.523 
Immigrant Socio-economic profile 3.60 4.00 40 0.883 3.75 4.00 80 0.550 
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APPENDIX C. OUTPUTS OF THE IN-DEPTH INTERVIEWS 
 
1. Exposure component 
Interviewee Factor Sub-component Explanation  
(Occurrence, causes and impacts) 
Tendency 
I1 Erosion  Hazardous events Erosion normally occurred in the beaches, river and lagoon banks, 
such as Nhon Chau, Nhon Hai and Nhon Ly communes as well as 
some wards in urban areas. 
In the past, erosion was a serious hazardous event and it will be more 
dangerous in future because of sea level rise. 
Storms/ 
typhoons  
Hazardous events Average frequency of storms directly impacted to Quy Nhon city was 
0.5 storm per year. However, many other storms landed other areas, 
but indirectly impacted to Quy Nhon every year. 
Storms often occurred simultaneously with floods, heavy rains and 
tidal surges, so they seriously affected most of sectors and areas in 
Quy Nhon city, especially on residence, aquaculture, industry and 
services. 
Spatial and temporal distribution of storms changed irregularly over time.  
Normally, storms were occurred from June to November and affected from 
North to South. However, some storms occured in South areas in the first 
quarter in several recent years, and in North areas in the fourth quarter. The 
reason might be a slower shift of storms seasons. 
Floods  Hazardous events Floods occurred every year and caused by heavy rains in upstream 
areas. 
Tidal surges also caused floods, but they weren’t main reasons. 
Floods directly affected agriculture and aquaculture. 
Number of floods weren’t increased, but their intensity has been increasing 
year by year. 
Specially, there were some floods occurred in the earlier of recent years 
which were normally in the middle of years. 
Droughts Hazardous events Droughts were common in Quy Nhon city in dry seasons and caused 
by decrease of rainfall. 
Droughts seriously affected agriculture, particularly on the Winter-
Spring crops of rice. 
In the past, droughts directly affected agriculture, but negative impacts of 
them will decrease in future because of improvements of water supply 
systems.  
Sand drifts  Hazardous events   
Tidal surges Hazardous events Tidal surges directly impacted on residents nearly the sea and Thi Nai 
lagoon. 
Tidal surges weren’t main reasons caused floods.  
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Rainfall  Hazardous events Change of rainfall was main reason of floods and droughts. 
 
Rainfall changed significantly among seasons in a year, but average annual 
rainfall was relatively stable. 
There were remarkably differences in spatial distributions of rainfall in 
recent years in Quy Nhon city. 
Lack of water  Hazardous events Illegal activities on exploiting and using underground water were main 
reasons of lack of water. 
 
Siltation Hazardous events   
Saline 
intrusion 
Hazardous events Saline intrusion was caused by tidal surges and it could be reduced by 
increase of rainfall. 
Illegal activities on exploiting and using underground water also 
leaded to saline intrusion. 
 
I2 Erosion  Hazardous events Erosion directly affected communes in island and peninsular areas, 
such as Nhon Chau, Nhon Hai and Nhon Ly, and some inner wards. 
Erosion significantly impacted in Nhon Hai commune in the past, 
damaged 52 houses in the period from 1998 to 2005. It also destroyed 
the row of coconut-tree on the beach in Nhon Chau commune. 
Negative impacts of erosion will increase in future owing to climate change. 
Storms/ 
typhoons  
Hazardous events Storms remarkably impacted aquaculture. Intensity and impacts of storms will increase in future. 
Floods  Hazardous events Floods were caused by heavy rain in Quy Nhon city and upstream 
areas. 
Floods were partly reduced because Quy Nhon city located in 
downstream area and had an embouchure. 
Floods normally caused big damages on properties in Quy Nhon city. 
Floods directly affected cultivation, they didn’t considerably impacted 
breeding. 
 
Droughts Hazardous events   
Sand drifts  Hazardous events   
Tidal surges Hazardous events Tidal surges normally occurred from November to next February. 
Tidal surges caused erosion and siltation. 
Tidal surges will significantly increase in future because of sea level rise. 
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Tidal surges considerably affected aquaculture, especially on fishing. 
Rainfall  Hazardous events Changes of rainfall seriously impacted salt manufacture.   
Lack of water  Hazardous events   
Siltation Hazardous events Siltation affected coral reefs in some island and peninsular areas. 
Siltation also blocked traffics of fishing boats. 
 
Saline 
intrusion 
Hazardous events Saline intrusion directly affected 12 hectares of rice in Hai Giang 
village in Nhon Hai commune, and some areas in Nhon Ly communes 
and Nhon Binh ward. 
Areas affected by saline intrusion will be increase in future. 
I3 Erosion  Hazardous events Erosion normally occurred and impacted areas nearly the sea and Thi 
Nai lagoon. 
Erosion will be reduced in future as a result of improvements of dyke 
systems, particularly the East dyke system (50 km) around Thi Nai lagoon. 
Storms/ 
typhoons  
Hazardous events Storms influenced on whole Quy Nhon city. In recent years, it was difficult to forecast storms’ characteristics. The 
damage by storms significantly increased. 
In the future, intensity of storms will be increase and their impacts will also 
be more serious. 
Floods  Hazardous events Floods normally caused by rain.  
Floods impacted many areas in Quy Nhon city, especially on lowland 
areas in Nhon Binh, Nhon Phu and Tran Quang Dieu wards. 
Floods negatively affected aquaculture and agriculture, but they also 
induced some benefits, for example sediment deposition and breeding 
stocks of aquaculture. 
Intensity of floods increases year by year. 
Droughts Hazardous events Droughts weren’t dangerous problems in Quy Nhon city because this 
city located in a downstream area. However, droughts sometime 
occurred in some local areas and affected agricultural activities. 
Droughts helped increase productivity of salt manufacture. 
In the future, impacts of droughts will be reduced throughout developments 
of water supply systems. 
Sand drifts  Hazardous events   
Tidal surges Hazardous events   
Rainfall  Hazardous events  In recent years, change of annual rainfall wasn’t significant. 
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Lack of water  Hazardous events Lack of water was very common and serious in Nhon Hai and Nhon 
Ly communes. 
 
Siltation Hazardous events   
Saline 
intrusion 
Hazardous events Saline intrusion was so common in Nhon Binh ward. It was caused by 
lack of rain and floods. Longer period of high Tidal surges could also 
result in increase of saline intrusion.  
Saline intrusion seriously affected agriculture. 
 
I4 Erosion  Hazardous events Beach erosion really was a dangerous problem in Quy Nhon city. 
Furthermore, erosion was also common in river and lagoon banks. 
Besides these reasons, erosion was caused by urbanisation. 
 
Storms/ 
typhoons  
Hazardous events Storms affected many socio-economic sectors in Quy Nhon city. Storms’ occurrences were very complex and difficult to forecast. Spatial and 
temporal distributions of storms changed irregularly over time. 
Floods  Hazardous events The main reason caused floods was heavy rain in upstream areas, 
simultaneously with situations of forest destruction. 
Number of floods increased in recent years. 
Droughts Hazardous events Droughts were caused by a combination of west-south monsoon and 
lack of rainfall.  
Droughts largely impacted cultivation at Nhon Binh and Nhon Phu 
wards. 
Droughts were very common in the dry seasons in Quy Nhon city. 
Sand drifts  Hazardous events Sand drifts usually occurred in Nhon Hoi and Nhon Ly communes. 
While the main cause of sand drifts in Nhon Hoi economic zone was 
from artificial activities, but it was from natural activities in Nhon Ly 
commune. 
Sand drifts will decrease in Nhon Hoi economic zone when this zone stably 
operates in the near future.  
Tidal surges Hazardous events   
Rainfall  Hazardous events Rain was a main cause which leaded to floods. The annual rainfall didn’t change remarkably. Rainfall increased in the rain 
seasons and decreased in the dry seasons. The rainy periods were shorter in 
recent years. 
Lack of water  Hazardous events   
Siltation Hazardous events  
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Saline 
intrusion 
Hazardous events Saline intrusion was common in Nhon Binh and Nhon Phu wards. It 
seriously affected agriculture, especially cultivation. 
Impacts of saline intrusion will increase in future because of sea level rise. 
I5 Erosion  Hazardous events Erosion included beach and soil erosions which usually occurred in 
areas nearly the sea, river and lagoon banks.  
Erosion damaged resident properties. 
Erosion was dangerous in the past, but it won’t a big problem in future 
owing to improvements of the sea and river dyke systems. 
Storms/ 
typhoons  
Hazardous events Storms were the most serious natural hazardous event in Quy Nhon 
city. They affected most of socio-economic sectors in this city. 
Storms will still be extreme hazards in Quy nhon city in future. 
Floods  Hazardous events Floods were caused by heavy rain and largely affected socio-economic 
activities in lowland areas, such as Nhon Binh and Nhon Phu wards. 
 
Droughts Hazardous events  Droughts will still common events in Quy Nhon in future. They threaten 
water supply security. 
Sand drifts  Hazardous events Sand drifts were common in Nhon Hoi commune. They largely 
impacted on operations of this zone. 
 
Tidal surges Hazardous events   
Rainfall  Hazardous events   
Lack of water  Hazardous events   
Siltation Hazardous events Siltation wasn’t common in Quy Nhon city. Siltation won’t dangerous in future. 
Saline 
intrusion 
Hazardous events Saline intrusion was caused by droughts and Tidal surges. It affected 
quality of underground water and productivity of agriculture. 
Areas of saline intrusion were expanded in recent years. 
I6 Erosion  Hazardous events   
Storms/ 
typhoons  
Hazardous events Storms affected whole of Quy Nhon city. Intensity of storms was stronger year by year and their temporal distribution 
was very hard to predict. However, negative impacts of floods will be 
reduced relied on improvements of drainage systems. 
Floods  Hazardous events Floods didn’t occur in the past two years. As a result, pandemic in 
aquaculture activities in Thi Nai lagoon significantly increased. 
It is unclear in changes of floods frequency. 
Droughts Hazardous events Droughts extremely impacted on agriculture, particularly on rice 
cultivation, but not much on aquaculture. 
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Sand drifts  Hazardous events   
Tidal surges Hazardous events   
Rainfall  Hazardous events Change of rainfall affected agriculture. Annual rainfall irregularly fluctuated in the past. It decreased in recent 
years. 
Lack of water  Hazardous events   
Siltation Hazardous events   
Saline 
intrusion 
Hazardous events Saline intrusion was very common in areas nearly the sea and Thi Nai 
lagoon. It impacted on aquaculture. 
It still increases in future because of sea level rise. 
I7 Erosion  Hazardous events   
Storms/ 
typhoons  
Hazardous events  It wasn’t clear about changes of storms’ intensity. However, their 
happenings, including intensity and route, were very hard to forecast. 
Floods  Hazardous events Floods were caused by increase of rainfall. 
Floods seriously affected agriculture. 
It was very hard to predict frequency and intensity of floods. 
Droughts Hazardous events The rainfall remarkably reduced in the dry seasons was the main 
reason of droughts.   
Droughts were assured as the most serious problems which impacted 
on agriculture in the context of climate change. To be more specific, 
droughts largely affected rice cultivation in Nhon Binh and Nhon Phu 
wards. 
Droughts might cause saline intrusion. 
Droughts will be dangerous problems in Quy Nhon city in future. 
Sand drifts  Hazardous events Sand drifts weren’t clear in Quy Nhon city and situation of sand drifts 
in Nhon Hoi commune caused by artificial activities. 
 
Tidal surges Hazardous events Tidal surges were main reasons caused saline intrusion and seriously 
affected agriculture. 
Amplitude of tide and period of flood-tide considerably increased. 
Tidal surges will be more dangerous in future because of sea level rise. 
Rainfall  Hazardous events   
Lack of water  Hazardous events Lack of water normally occurred in dry seasons. It impacted on 
domestic requirement of resident and agriculture. 
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Siltation Hazardous events   
Saline 
intrusion 
Hazardous events Saline intrusion was caused not only by climate change, but also by 
artificial activities, for example, aquaculture activities caused saline 
intrusion in some areas around Thi Nai lagoon. 
Some areas in Quy Nhon city, especially in Nhon Binh ward, usually 
were confronted with impacts of saline intrusion. 
There was increases of area and impacted level of saline intrusion in Quy 
Nhon city in recent years. It will still be a concerned trouble in future. 
I8 Erosion  Hazardous events Erosion concentrated in areas nearly the sea. 
Erosion was caused by sea level rise. 
 
Storms/ 
typhoons  
Hazardous events Storms happen in Quy Nhon city every year. Occurrences of storms were significantly changed year by year. Their 
intensity tended to increase in recent years. 
Floods  Hazardous events Floods were the most serious hazards in Quy Nhon city in the past. 
They originated in heavy rain in upstream areas. 
Impacts of floods may be reduced in future relied on improvements of 
drainage systems.  
Droughts Hazardous events Droughts occurred in Quy Nhon city every year. Impacts of droughts will increase in future because of increase of global 
temperature. 
Sand drifts  Hazardous events Sand drifts normally occurred in dry seasons in some peninsular areas, 
such as Nhon Hoi and Nhon Ly communes. Sand drifts affected 
transportation. 
Sand drifts still impact on Nhon Hoi economic zone in the next few years, 
but they will not be remarkable when this zone stably operates.  
Tidal surges Hazardous events   
Rainfall  Hazardous events Changes of rainfall largely impacted on almost socio-economic 
sectors, such as health, transport, agriculture and salt manufacture. 
Rainfall irregularly changed in the past. Average annual rainfall may 
increase in future. 
Lack of water  Hazardous events Lack of water sometime occurred in dry seasons in Quy Nhon city. It 
impacted on water supply systems and agriculture. 
Lack of water still a dangerous event in future. 
Siltation Hazardous events   
Saline 
intrusion 
Hazardous events Saline intrusion usually occurred in some rice cultivation areas in 
Nhon Binh, Nhon Phu wards.  
Saline intrusion affected not only agriculture but also aquaculture, 
particularly shrimp breeding. 
Saline intrusion still increases in future because of sea level rise. 
I9 Erosion  Hazardous events   
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Storms/ 
typhoons  
Hazardous events Irregular storms and rainfall seriously affected aquaculture, especially 
fishing. 
Spatial and temporal regulars of storms changed in recent years. Their 
impacts probably increase in future. 
Floods  Hazardous events Aquaculture was remarkably impacted by floods, particularly 
aquaculture activities were implementing in Dong Da, Nhon Binh, 
Ghenh Rang and Nguyen Van Cu wards. 
Floods will irregularly happen and their impacts also increase in future. 
Droughts Hazardous events Heavy rain directly affected salt manufacture, but droughts helped it 
get high productivity. 
Droughts will be common in future. 
Sand drifts  Hazardous events   
Tidal surges Hazardous events   
Rainfall  Hazardous events Irregular storms and rainfall seriously affected aquaculture, especially 
fishing. 
Heavy rain directly affected salt manufacture, but droughts helped it 
get high productivity. 
Rainfall changed irregularly over time. 
Lack of water  Hazardous events   
Siltation Hazardous events   
Saline 
intrusion 
Hazardous events Saline intrusion caused by Tidal surges in dry seasons. It affected 
agriculture and aquaculture. 
It can increase in future because of sea level rise. 
I10 Erosion  Hazardous events   
Storms/ 
typhoons  
Hazardous events Normally, storms occurred simultaneously with heavy rain and floods, 
so they seriously affected on whole of Quy Nhon city, especially on 
resident houses, aquaculture and agriculture. 
It was very difficult to forecast intensity and route of storms. Season of 
storms shifted from the middle to the end of year. The intensity of storms 
increased in recent years. 
Floods  Hazardous events Floods were caused by extreme rain. Furthermore, Tidal surges and 
sloping topography were supplemental elements which increased 
intensity and damage of floods. 
Floods affected most of socio-economic sectors in Quy Nhon city. 
Intensity and damage of floods will increase in future because of human 
being activities, especially narrowing down drainage systems. 
Droughts Hazardous events Droughts were normally caused by a combination of west-south 
monsoon and lack of rainfall. 
Droughts could result in forest fire. 
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Sand drifts  Hazardous events   
Tidal surges Hazardous events   
Rainfall  Hazardous events Increase of rainfall in rainy seasons was a vital cause which leaded to 
floods. 
Rain concentrated in rainy seasons with high rainfall, but it considerably 
decreased in dry seasons. The period of rainy seasons was shorter. 
Lack of water  Hazardous events   
Siltation Hazardous events   
Saline 
intrusion 
Hazardous events   
I11 Erosion  Hazardous events Erosion was very common in the areas nearly the sea, dangerously 
impacted on resident houses. 
 
Storms/ 
typhoons  
Hazardous events Storms awfully impacted on aquaculture, fishing and cultivation.  Yearly, storms usually occurred in the period from October to November. 
However, this rule was disordered in recent years. 
Floods  Hazardous events Floods seriously affected agriculture and aquaculture, especially on 
350 hectares of shrimp breeding in Thi Nai lagoon. 
Intensity of floods increased significantly in recent years. 
Droughts Hazardous events In the periods of droughts, high saline concentration caused by lack of 
water could lead to reduce aquaculture productivity. 
Occurrences of droughts were irregular. 
Sand drifts  Hazardous events   
Tidal surges Hazardous events Tidal surges certainly impacted on aquaculture, especially shrimp 
breeding in Thi Nai lagoon. 
Tidal surges will increase in future. 
Rainfall  Hazardous events   
Lack of water  Hazardous events Lack of water often occurred in the summers when rainfall decreased. Lack of water will increase in future because the increase of global 
temperature. 
Siltation Hazardous events   
Saline 
intrusion 
Hazardous events Impacts of saline intrusion weren’t considerable in Quy Nhon city. Saline intrusion areas could decrease in future depending on quality of dyke 
systems. 
I12 Erosion  Hazardous events   
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Storms/ 
typhoons  
Hazardous events Storms negatively impacted on fishing.  
Floods  Hazardous events Floods accompanied by heavy rain and storms largely impacted on 
lowland areas in Quy Nhon city, such as areas in Nhon Binh and Nhon 
Phu wards. 
Cultivation in Nhon Binh and Nhon Phu wards was affected by floods, 
droughts and saline intrusion. 
Damages of floods increased. 
Droughts Hazardous events Cultivation in Nhon Binh and Nhon Phu wards was affected by floods, 
droughts and saline intrusion. 
Droughts were dangerous in the past, but they may not be serious in future. 
Sand drifts  Hazardous events   
Tidal surges Hazardous events   
Rainfall  Hazardous events Change of rainfall seriously impacted on agriculture. Average annual rainfall didn’t considerably change, normally from 1,800 to 
2,000 mm per year. However, rainfall significantly increased in short 
periods in rainy seasons. 
Lack of water  Hazardous events   
Siltation Hazardous events   
Saline 
intrusion 
Hazardous events Saline intrusion was caused by sea level rise and affected areas nearly 
the sea and Thi Nai lagoon. 
Cultivation in Nhon Binh and Nhon Phu wards was affected by floods, 
droughts and saline intrusion. 
 
I13 Erosion  Hazardous events Erosion was very common and serious in areas nearly the sea, river 
and lagoon banks in Quy Nhon city. 
Erosion will decrease in future. 
Storms/ 
typhoons  
Hazardous events Storms usually affected areas nearly the sea, particularly communes in 
island and peninsular. 
Frequency of storms didn’t change, but their intensity and impacts 
significantly increased in the recent years. 
Floods  Hazardous events Floods normally occurred in the rainy seasons when rainfall extremely 
increased.  
Impacts of floods largely increased because of forest destruction. 
Flooding areas might reduce in future owing to developments of drainage 
systems in Quy Nhon city. 
Droughts Hazardous events   
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Sand drifts  Hazardous events Sand drifts were commonly and seriously affected socio-economic 
developments in Nhon Hoi commune. 
 
Tidal surges Hazardous events  Tidal surges will increase in future owing to sea level rise. 
Rainfall  Hazardous events  Rainfall may not change in future. 
Lack of water  Hazardous events   
Siltation Hazardous events Siltation was serious in delta and embouchure in Quy Nhon city. 
Particularly, the seabed in Quy Nhon sea port aggraded by 50 cm/year.   
 
Saline 
intrusion 
Hazardous events Saline intrusion occurred in some areas in Quy Nhon city, however, its 
degree wasn’t large because of a sloping topography of this city. 
Impacts of saline intrusion won’t increase in future. 
I14 Erosion  Hazardous events Erosion was caused by tidal surges, heavy rain and storms. 
Furthermore, it was caused by urbanisation. 
Erosion directly affected constructions nearly the beach and lagoon. 
Impacts of erosion weren’t remarkable in the past, but they will significantly 
increase in future. 
Storms/ 
typhoons  
Hazardous events Storms basically affected to houses and anchorage places. They also 
impacted on fishing, aquaculture and cultivation. 
Occurrences of storms changed irregularly over time. 
Intensity of storms significantly increased in the past and continuously 
increases in future. 
Floods  Hazardous events Floods affected agriculture and aquaculture in two directions, 
including positive and negative ones. They helped decrease saline 
intrusion. 
Floods occurred every year. Their frequency unremarkably increased, but 
their intensity significantly increased.  
Droughts Hazardous events Droughts were caused by west-south monsoon, lack of rain in previous 
rainy season. 
Droughts caused lack of water resources and saline intrusion.  
Droughts seriously affected agriculture, especially on cultivation. 
Droughts could cause forest fire. 
Droughts will significantly increase in future, especially in the dry seasons. 
Sand drifts  Hazardous events The main reason of sand drifts in Nhon Hoi economic zone was 
artificial activities. 
 
Tidal surges Hazardous events Tidal surges caused increase of flooding duration which impacted on 
most socio-economic sectors in Quy Nhon city. 
Tidal surges also caused saline intrusion in areas inside dyke systems. 
 
189 
 
Rainfall  Hazardous events An increase of rainfall could cause floods, but a decrease could lead to 
droughts. 
Changes of rainfall impacted on domestic activities and agriculture in 
Quy Nhon city. 
Changes of average annual rainfall weren’t considerable in the past. 
Lack of water  Hazardous events Lack of water normally occurred in the dry seasons and largely 
affected water supply systems. 
 
Siltation Hazardous events   
Saline 
intrusion 
Hazardous events Saline intrusion is caused by Tidal surges and decrease of rainfall and 
floods. 
Saline intrusion directly affected rice cultivation and aquaculture. 
Saline intrusion will increase in future, including level of intrusion and 
intrusion areas. 
 
2. Sensitivity component 
Interviewee Factor Sub-component Explanation  
(Conception and sensitivity) 
Tendency 
I1 Aquaculture Socio-economic 
profile 
Aquaculture, including fishing and aquaculture, was common activities 
in Quy Nhon city, especially in islands and peninsular areas. 
Aquaculture was affected by storms, floods and changes of rainfall. 
Aquaculture activities decreased in the past and will continuously decrease 
in future. 
Poverty  Demographic profile Percentage of poor people in Quy Nhon city isn’t much. 
Poverty is common in islands and peninsular areas. 
Poverty will be reduced in future owing to economic development. 
Agriculture Socio-economic 
profile 
Cultivation and breeding were two main sectors of agriculture which 
were seriously affected by climate change. 
Areas of agriculture will decrease in future in lieu of requirements of 
industry and services. 
Old people Demographic profile People are over the age of retirement, 60 for men and 55 for women. 
 
It is unclear in changes of percentage of old people. 
Illness  Demographic profile   
Salt 
manufacture 
Socio-economic 
profile 
Salt manufacture wasn’t common in Quy Nhon city. Salt manufacture will eventually cease in Quy Nhon city in future. 
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Young people  Demographic profile People are under school age, under 6 years old. It is unclear in changes of percentage of young people. 
Women  Demographic profile   
Immigration Socio-economic 
profile 
  
I2 Aquaculture Socio-economic 
profile 
Aquaculture, including fishing and aquaculture activities, was common 
in areas nearly the sea and inside the Thi Nai lagoon. 
Fishing was extremely impacted by storms and west-north monsoon.  
Fishing activities and number of fishermen will decrease in future because 
of climate change and socio-economic developments. 
Poverty  Demographic profile   
Agriculture Socio-economic 
profile 
Cultivation activities, especially rice and fruits cultivation, were 
seriously affected by climate change. 
Nhon Binh, Nhon Phu, Bui Thi Xuan and Tran Quang Dieu wards were 
areas where cultivation activities were seriously affected by droughts 
and saline intrusion. 
Breeding activities were unremarkably affected by climate change. 
Agricultural activities and number of farmers will decrease in future 
because of climate change and socio-economic developments. 
Old people Demographic profile   
Illness  Demographic profile People got illness chronic. They were difficult to look after themselves 
in natural hazards. 
 
Salt 
manufacture 
Socio-economic 
profile 
Salt manufacture was seriously affected by climate change, especially 
by irregular changes of rainfall. 
Salt manufacture will decrease in future. 
Young people  Demographic profile People are under 15 years old. They can’t earn money and take care by 
themselves. 
Percentage of young people increased in the past and will continuously 
increase in future. 
Women  Demographic profile Single mothers were sensitive to climate change. Percentage of households with single mum will increase in future. 
Immigration Socio-economic 
profile 
Illegal immigrants were living in mountains. Rate of immigrants will increase in future in Quy Nhon city because of 
urbanisation. 
I3 Aquaculture Socio-economic 
profile 
Aquaculture, including fishing and aquaculture activities, was common 
in areas nearly the sea and inside Thi Nai lagoon. 
Aquaculture was seriously affected by climate change, especially by 
storms, changes of rainfall and environmental pollution. 
Fishing production in Quy Nhon city decreased in the past and will 
continuously decrease in future because of exhaustion of breeding stocks. 
Aquaculture will significantly develop in Thi Nai lagoon because this area 
is unremarkably affected by storms. 
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Poverty  Demographic profile Poor people don’t have enough essential means to respond to natural 
hazards. 
Rate of poverty will decrease in future. 
Agriculture Socio-economic 
profile 
Cultivation was a main sector in agriculture which was affected by 
climate change. 
Cultivation activities were common in Nhon Binh, Nhon Phu, Bui Thi 
Xuan and Tran Quang Dieu wards. 
Cultivation wasn’t affected by floods and changes of rainfall, but it was 
largely impacted by saline intrusion. 
Areas of cultivation decreased in the past and will still decrease in future 
because of requirements of socio-economic developments. 
Number of households working in agriculture decreased in the past and will 
still decrease in future because they shift to work in industries and services. 
Old people Demographic profile Old and young people are normally limited in abilities for responding 
to natural hazards. 
Percentage of old and young people will increase in future. 
Illness  Demographic profile   
Salt 
manufacture 
Socio-economic 
profile 
Salt manufacture was only occurred in Dong Da and Nhon Binh wards.  
Young people  Demographic profile Old and young people are normally limited in abilities for responding 
to natural hazards. 
Percentage of old and young people will increase in future. 
Women  Demographic profile Women are normally limited in decision making on responding to 
natural hazards in the household scale. 
Percentage of women is stable. 
Immigration Socio-economic 
profile 
  
I4 Aquaculture Socio-economic 
profile 
Aquaculture may include processing activities of aquatic products. Aquaculture may increase in future because Quy Nhon is a coastal city.  
Poverty  Demographic profile Poverty is presented by rate of households which are living under 
poverty line based on the government decision. 
Poor households are always sensitive to climate change because they 
lack resources for overcoming damages of natural hazards. 
Poverty in Quy Nhon city will decrease in future owing to government 
effective programs on decreasing poverty. 
Agriculture Socio-economic 
profile 
Agriculture was the most dangerous sector under climate change in 
Quy Nhon city. 
Cultivation was seriously affected by storms, floods and droughts. 
 
Agricultural activities probably decrease in future because of urbanisation. 
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Old people Demographic profile People are over 60 years old. They are normally limited in the health 
and financial resources which are necessary to respond to climate 
change. 
It is unclear in changes of percentage of old and young people. 
Illness  Demographic profile Disabled people. Percentage of disabled people will decrease in future because of 
improvements in medical care.  
Salt 
manufacture 
Socio-economic 
profile 
  
Young people  Demographic profile People are under 15 years old. They are normally limited in health and 
financial sources which are necessary to respond to climate change. 
It is unclear in changes of percentage of old and young people. 
Women  Demographic profile Households with women as headers were more susceptible in the 
context of climate change. 
Changes of percentage of households with women as headers are unclear. 
Immigration Socio-economic 
profile 
  
I5 Aquaculture Socio-economic 
profile 
Fishing was a common occupation in Quy Nhon city. It was always 
very susceptible to natural hazards, particularly storms. 
Fishing activities will decrease in future because of climate change and 
reduce of sea-production. 
Poverty  Demographic profile Poor households can be defined by decision of government. Rate of 
poor households in Quy Nhon city isn’t much.  
Poor households are very delicate to climate change.  
Poverty decreased in the past and will decrease in future because of 
economic development. 
Agriculture Socio-economic 
profile 
Agriculture was common in some areas in Quy Nhon city, such as 
Nhon Binh, Nhon Phu, Bui Thi Xuan and Tran Quang Dieu wards.  
Agriculture was largely affected by natural hazards, such as storms, 
floods, droughts and saline intrusion. 
Areas of agriculture and number of farmers will decrease in future owing to 
requirements of socio-economic developments, especially urbanisation and 
occupation shifting. 
Old people Demographic profile   
Illness  Demographic profile   
Salt 
manufacture 
Socio-economic 
profile 
  
Young people  Demographic profile   
Women  Demographic profile Female as head of households was very sensitive to natural hazards. Tendency of rate of female as head of households isn’t clear. 
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Immigration Socio-economic 
profile 
People or households moved to current places from others in the past 
five years. 
Rate of immigrants increased in the past and will increase in future because 
of urbanisation. 
I6 Aquaculture Socio-economic 
profile 
Aquaculture was very common in Thi Nai lagoon and areas nearly the 
sea. 
Aquaculture, especially fishing, was extremely impacted by storms and 
floods. 
Areas of aquaculture will be reduced because of requirements of socio-
economic developments. 
Poverty  Demographic profile   
Agriculture Socio-economic 
profile 
Agriculture was seriously affected by climate change. While cultivation 
was clearly impacted by natural hazards, breeding wasn’t considerably 
affected.  
 
Old people Demographic profile People are over 60 years old. Percentage of old people will increase in future. 
Illness  Demographic profile People got sick often. They were not well enough to respond to 
hazards. 
Rate of illness tends to increase because of environmental pollution. 
Salt 
manufacture 
Socio-economic 
profile 
Salt manufacture was only occurred in Dong Da and Nhon Binh wards. 
Salt manufacture was seriously affected by climate change, especially 
by irregular changes of rainfall. 
Areas of salt manufacture will be decreased in future. 
Young people  Demographic profile People are under 15 years old. Percentage of young people will increase in future. 
Women  Demographic profile Households with female as headers.  
Immigration Socio-economic 
profile 
New immigrants were very sensitive to natural hazards because they 
lacked experiences in responding to these events. 
Percentage of immigrants will increase in Quy Nhon city in future. 
I7 Aquaculture Socio-economic 
profile 
Aquaculture activities include fishing and aquaculture. 
Aquaculture was affected by climate change. Furthermore, it caused 
saline intrusion.  
 
Poverty  Demographic profile   
Agriculture Socio-economic 
profile 
Cultivation was a main sector of aquaculture which was seriously 
affected by climate change. 
Areas of cultivation will be decreased in future because of changes in urban 
planning.  
Old people Demographic profile Old and young people are easy to get illness in sunny seasons. Rate of old and young people will increase in future. 
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Illness  Demographic profile   
Salt 
manufacture 
Socio-economic 
profile 
Salt manufacture activities was very limited in Quy Nhon city, only in 
some areas in Dong Da and Nhon Binh wards.  
Salt manufacture was largely affected by droughts and changes of 
rainfall. 
Salt manufacture will decrease in future. 
Young people  Demographic profile Old and young people are easy to get illness in sunny seasons. Rate of old and young people will increase in future. 
Women  Demographic profile Women are very susceptible to climate change. Rate of women is stable. 
Immigration Socio-economic 
profile 
  
I8 Aquaculture Socio-economic 
profile 
Aquaculture, involving fishing and aquaculture, was common in areas 
nearly the sea and Thi Nai lagoon. 
Both of fishing and aquaculture was seriously affected by climate 
change. 
Aquaculture will decrease in future because of impacts of climate change. 
Poverty  Demographic profile Households are living under poverty line. 
They are always easily impacted by natural hazards. 
Rate of poor households will decrease in future. 
Agriculture Socio-economic 
profile 
Rice cultivation was common in some areas in Quy Nhon city, about 
1,100 hectares in Nhon Binh and Nhon Phu wards, and sensitive to 
floods, droughts and saline intrusion. 
Areas of rice cultivation will be reduced in future because of urbanisation. 
Old people Demographic profile People are over 60 years old and easy to get illness. Rate of old people tend to increase in Quy Nhon city. 
Illness  Demographic profile People get illness often. They can’t take care themselves and respond to 
climate change. 
Rate of illness tends to increase because of environmental pollution. 
Salt 
manufacture 
Socio-economic 
profile 
  
Young people  Demographic profile People are under 15 years old. Rate of young people tends to increase in Quy Nhon city. 
Women  Demographic profile Women are always very easily impacted by changes of climate. Rate of women is stable over time. 
Immigration Socio-economic 
profile 
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I9 Aquaculture Socio-economic 
profile 
Irregular changes of storms and rainfall seriously affected aquaculture, 
especially fishing. 
Aquaculture activities inside the Thi Nai lagoon were also affected by 
floods. 
Aquaculture will decrease. 
Poverty  Demographic profile People are living under poverty line. Poverty will decrease. 
Agriculture Socio-economic 
profile 
Agriculture, particularly cultivation activities in Nhon Binh and Nhon 
Phu wards, was seriously impacted by climate change. 
Agriculture will decrease. 
Old people Demographic profile People are over 60 years old.  
Illness  Demographic profile   
Salt 
manufacture 
Socio-economic 
profile 
Salt manufacture got disadvantages in the rainy seasons, but it got more 
benefits in the dry seasons.  
Salt manufacture will decrease. 
Young people  Demographic profile People are under 6 years old.  
Women  Demographic profile   
Immigration Socio-economic 
profile 
  
I10 Aquaculture Socio-economic 
profile 
Aquaculture was the most important economic field in Quy Nhon city. 
However, it was seriously affected by climate change. 
Structure of fishing will be changed in future. It will be focused on fishing 
far away the beach than in near sea areas.  
Poverty  Demographic profile   
Agriculture Socio-economic 
profile 
Agriculture wasn’t an important field in Quy Nhon city. There were 
some small cultivation areas in Nhon Binh and Nhon Phu wards.  
Rice production wasn’t stable in recent years because of impacts of 
irregular changes of climate. 
Breeding activities didn’t develop in Quy Nhon city. 
Agriculture won’t develop in Quy Nhon city in future. 
Old people Demographic profile People are over 60 years old.  
Illness  Demographic profile   
Salt 
manufacture 
Socio-economic 
profile 
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Young people  Demographic profile People are under 15 years old.  
Women  Demographic profile Female  
Immigration Socio-economic 
profile 
People or households moved to the current place in the past five years. Rate of immigrants will increase in future. 
I11 Aquaculture Socio-economic 
profile 
Aquaculture activities significantly developed in Thi Nai lagoon, they 
seriously affected by climate change. 
Storms and floods were two main causes which impacted on 
aquaculture in Quy Nhon city. 
Environmental pollution also affected aquaculture activities on the Thi 
Nai lagoon. 
Aquaculture activities will decrease in future because of climate change, 
urbanisation and pollution. 
Poverty  Demographic profile   
Agriculture Socio-economic 
profile 
Agriculture, especially cultivation, was seriously affected by lack of 
underground water in the dry seasons. 
Agricultural activities will decrease in future because of climate change, 
urbanisation and pollution. 
Old people Demographic profile   
Illness  Demographic profile   
Salt 
manufacture 
Socio-economic 
profile 
Salt manufacture was affected by irregular changes of rainfall and 
storms. 
Salt manufacture will decrease in future because of climate change, 
urbanisation and pollution. 
Young people  Demographic profile   
Women  Demographic profile   
Immigration Socio-economic 
profile 
  
I12 Aquaculture Socio-economic 
profile 
Aquaculture was common in areas nearly the sea and Thi Nai lagoon, 
such as Nhon Ly, Nhon Hai communes and Nhon Binh, Nhon Phu 
wards. 
Aquaculture was seriously impacted by storms. 
Fishing will decrease in future because of impacts of climate change and 
reduction of breeding stocks. 
Poverty  Demographic profile 
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Agriculture Socio-economic 
profile 
While cultivation activities in Nhon Binh and Nhon Phu wards were 
affected by saline intrusion, droughts and floods, breeding activities 
weren’t considerably impacted by climate change. 
Areas of agriculture will decrease owing to urbanisation. 
Old people Demographic profile People are over age of retirement, 60 years old.  
Illness  Demographic profile   
Salt 
manufacture 
Socio-economic 
profile 
  
Young people  Demographic profile People are under school age, 6 years old.  
Women  Demographic profile Women were easily impacted by natural hazards. Equality between men and women has been significantly improving, so 
sensitivity of women to climate change won’t be considerable in future. 
Immigration Socio-economic 
profile 
  
I13 Aquaculture Socio-economic 
profile 
  
Poverty  Demographic profile   
Agriculture Socio-economic 
profile 
Agricultural activities in Quy Nhon city were affected by climate 
change, especially by saline intrusion and storms, but these impacts 
weren’t remarkable because agricultural areas and number of farmers 
in Quy Nhon city weren’t large. 
Agricultural activities will decrease in future because of climate change. 
Old people Demographic profile   
Illness  Demographic profile People get illness normally. Illness will increase in future because of pollution. 
Salt 
manufacture 
Socio-economic 
profile 
  
Young people  Demographic profile   
Women  Demographic profile   
Immigration Socio-economic 
profile 
 Rate of immigrants will significantly increase in future in Quy Nhon city 
because of urbanisation. 
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I14 Aquaculture Socio-economic 
profile 
Aquaculture activities significantly developed in Thi Nai lagoon and 
some areas nearly the sea. 
Aquaculture was seriously affected by climate change. 
Aquaculture caused saline intrusion and environmental pollution. 
Aquaculture activities decreased in the past and continuously decrease in 
future. 
Poverty  Demographic profile Poverty is presented by poor people or households who are living under 
poverty line and very sensitive to climate change. 
Poverty will decrease in future because of socio-economic development. 
Agriculture Socio-economic 
profile 
Cultivation and breeding were two main sectors of agriculture in Quy 
Nhon city. Both of them were affected by climate change, for example, 
cultivation was impacted by floods and droughts every year. 
Both of cultivation and breeding activities will decrease in future. 
Old people Demographic profile People are over 60 years old.  
Illness  Demographic profile People get sick often.  
Salt 
manufacture 
Socio-economic 
profile 
Salt manufacture was only in some small areas in Nhon Binh ward. Salt manufacture will eventually cease in Quy Nhon city in the next few 
years. 
Young people  Demographic profile People are under 15 years old.  
Women  Demographic profile Women as households’ headers are very difficult to respond to hazards. Changes of rate of households with female headers are unclear. 
Immigration Socio-economic 
profile 
Households moved to current places in the past some years. 
Immigrants are normally difficult to adapt to new habitats, especially 
extreme hazards. 
Rate of immigrants will significantly increase in future in Quy Nhon city. 
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APPENDIX D. HOUSEHOLD SURVEY QUESTIONNAIRE 
Project: Development and application of a Social Vulnerability Index at the local scale 
 
Part 1. Administrative information 
1.1. Household code:………………………………………………………………………………. 
1.2. Interviewer:……………………………………………………………………………………. 
1.3. Date of interview:……………………………………………………………………………... 
 
 
Part 2. General information about interviewee 
2.1. Name: ………………………………………………………………………………………… 
2.2. Age: …………………………………………………………………………………………… 
2.3. Gender:  □ Male       □ Female 
2.4. Education: (Highest certificate level)  
□ No primary school certificate  □ Secondary school certificate 
□ Primary school certificate   □ High school certificate or higher 
2.5. Occupation: □ Employment      □ Unemployment 
Part 3. Exposure component 
Has your household been directly impacted by following natural hazardous events in the past five years? 
2.1 Erosion □ Yes     □ No 
2.2 Storms □ Yes     □ No 
2.3 Floods □ Yes     □ No 
2.4 Droughts □ Yes     □ No 
2.5 Sand drifts □ Yes     □ No 
2.6 Tidal surges □ Yes     □ No 
2.7 Change of rainfall □ Yes     □ No 
2.8 Lack of water □ Yes     □ No 
2.9 Siltation □ Yes     □ No 
2.10 Saline intrusion □ Yes     □ No 
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Part 4.  Sensitivity component 
     
4.1 Is anyone in your household over 60 years old? □ Yes    □ No 
4.2 Is anyone in your household under 15 years old? □ Yes    □ No 
4.3 Is female as your household head? □ Yes    □ No 
4.4 Is anyone in your household chronically ill? (They get sick very often) □ Yes    □ No 
4.5 Is your household living under the poverty line? □ Yes    □ No 
4.6 Is agriculture as the main source of income of your household? □ Yes    □ No 
4.7 Is aquaculture as the main source of income of your household? □ Yes    □ No 
4.8 Is salt manufacture as the main source of income of your household? □ Yes    □ No 
4.9 Did your household move in the current commune within the last 5 years? □ Yes    □ No 
 
Part 5. Adaptive capacity component 
5.1 Is anyone in your household attained high school certificate or higher? □ Yes    □ No 
5.2 Does your household have at least a half of its members having health 
insurance or free health care? 
□ Yes    □ No 
5.3 Is anyone in your household working in government offices? □ Yes    □ No 
5.4 Does your household have at least two income sources? □ Yes    □ No 
5.5 Did your household access at least one source of financial loan in the last 
5 years? 
□ Yes    □ No 
5.6 Is anyone in your household in a formal or informal social network? □ Yes    □ No 
5.7 Did anyone in your household attend discussions with electors and/or 
village meetings in the last year? 
□ Yes    □ No 
5.8 Is your household living in the permanent or semi-permanent house? □ Yes    □ No 
5.9 Does your house formally connect to the city electricity and clean water 
supply systems? 
□ Yes    □ No 
5.10 Does your household have other productive land and/or water? (away 
from your current house) 
□ Yes    □ No 
 
 
Thank you very much for your help! 
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APPENDIX E. OUTPUTS OF THE CHI-SQUARE TEST 
 
 
Crosstabs 
 
Case Processing Summary 
 
Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Erosion * Group 1029 100.0% 0 0.0% 1029 100.0% 
Storms * Group 1029 100.0% 0 0.0% 1029 100.0% 
Floods * Group 1029 100.0% 0 0.0% 1029 100.0% 
Droughts * Group 1029 100.0% 0 0.0% 1029 100.0% 
Sand_drifts * Group 1029 100.0% 0 0.0% 1029 100.0% 
Tidal_surges * Group 1029 100.0% 0 0.0% 1029 100.0% 
Rainfall * Group 1029 100.0% 0 0.0% 1029 100.0% 
Lack_of_water * Group 1029 100.0% 0 0.0% 1029 100.0% 
Siltation * Group 1029 100.0% 0 0.0% 1029 100.0% 
Saline_intrusion * Group 1029 100.0% 0 0.0% 1029 100.0% 
Old_people * Group 1029 100.0% 0 0.0% 1029 100.0% 
Young_people * Group 1029 100.0% 0 0.0% 1029 100.0% 
Women * Group 1029 100.0% 0 0.0% 1029 100.0% 
Illness * Group 1029 100.0% 0 0.0% 1029 100.0% 
Poverty * Group 1029 100.0% 0 0.0% 1029 100.0% 
Agriculture * Group 1029 100.0% 0 0.0% 1029 100.0% 
Aquaculture * Group 1029 100.0% 0 0.0% 1029 100.0% 
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Salt_manufacture * Group 1029 100.0% 0 0.0% 1029 100.0% 
Immigration * Group 1029 100.0% 0 0.0% 1029 100.0% 
Occupation * Group 1029 100.0% 0 0.0% 1029 100.0% 
Education * Group 1029 100.0% 0 0.0% 1029 100.0% 
Health * Group 1029 100.0% 0 0.0% 1029 100.0% 
Social_networks * Group 1029 100.0% 0 0.0% 1029 100.0% 
Political_community_rights * Group 1029 100.0% 0 0.0% 1029 100.0% 
House_quality * Group 1029 100.0% 0 0.0% 1029 100.0% 
Services * Group 1029 100.0% 0 0.0% 1029 100.0% 
Income_diversity * Group 1029 100.0% 0 0.0% 1029 100.0% 
Use_of_loans * Group 1029 100.0% 0 0.0% 1029 100.0% 
Productive_land_and_or_water * Group 
1029 100.0% 0 0.0% 1029 100.0% 
 
Erosion * Group 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Erosion .00 197 209 199 205 203 1013 
1.00 8 0 8 0 0 16 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 24.341a 4 .000 .000b .000 .000    
Likelihood Ratio 29.670 4 .000 .000b .000 .000    
Fisher's Exact Test 22.530   .000b .000 .000    
Linear-by-Linear Association 8.040c 1 .005 .006b .004 .008 .004b .002 .005 
N of Valid Cases 1029         
a. 5 cells (50.0%) have expected count less than 5. The minimum expected count is 3.16. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -2.835. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .154   .000 .000c .000 .000 
Cramer's V .154   .000 .000c .000 .000 
Interval by Interval Pearson's R -.088 .025 -2.845 .005d .006c .004 .008 
Ordinal by Ordinal Spearman Correlation -.088 .025 -2.841 .005d .006c .004 .008 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Storms * Group 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Storms .00 185 174 7 154 166 686 
1.00 20 35 200 51 37 343 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 477.664a 4 .000 .000b .000 .000    
Likelihood Ratio 506.047 4 .000 .000b .000 .000    
Fisher's Exact Test 502.210   .000b .000 .000    
Linear-by-Linear Association 6.095c 1 .014 .014b .011 .017 .008b .005 .010 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 67.67. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is 2.469. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .681   .000 .000c .000 .000 
Cramer's V .681   .000 .000c .000 .000 
Interval by Interval Pearson's R .077 .026 2.475 .013d .014c .011 .017 
Ordinal by Ordinal Spearman Correlation .079 .030 2.533 .011d .011c .009 .014 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Floods * Group 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Floods .00 38 142 181 156 146 663 
1.00 167 67 26 49 57 366 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 254.499a 4 .000 .000b .000 .000    
Likelihood Ratio 257.773 4 .000 .000b .000 .000    
Fisher's Exact Test 256.232   .000b .000 .000    
Linear-by-Linear Association 117.822c 1 .000 .000b .000 .000 .000b .000 .000 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 72.20. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -10.855. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .497   .000 .000c .000 .000 
Cramer's V .497   .000 .000c .000 .000 
Interval by Interval Pearson's R -.339 .030 -11.530 .000d .000c .000 .000 
Ordinal by Ordinal Spearman Correlation -.340 .032 -11.568 .000d .000c .000 .000 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Droughts * Group 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Droughts .00 204 116 203 188 174 885 
1.00 1 93 4 17 29 144 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 223.217a 4 .000 .000b .000 .000    
Likelihood Ratio 210.153 4 .000 .000b .000 .000    
Fisher's Exact Test 205.591   .000b .000 .000    
Linear-by-Linear Association 1.446c 1 .229 .238b .227 .249 .119b .111 .128 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 28.41. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -1.203. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .466   .000 .000c .000 .000 
Cramer's V .466   .000 .000c .000 .000 
Interval by Interval Pearson's R -.038 .028 -1.203 .229d .238c .227 .249 
Ordinal by Ordinal Spearman Correlation -.038 .029 -1.215 .225d .225c .214 .236 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Sand_drifts * Group 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Sand_drifts .00 205 209 14 205 203 836 
1.00 0 0 193 0 0 193 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 943.339a 4 .000 .000b .000 .000    
Likelihood Ratio 890.874 4 .000 .000b .000 .000    
Fisher's Exact Test 868.875   .000b .000 .000    
Linear-by-Linear Association .007c 1 .932 .935b .929 .942 .488b .475 .501 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 38.07. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is .085. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .957   .000 .000c .000 .000 
Cramer's V .957   .000 .000c .000 .000 
Interval by Interval Pearson's R .003 .015 .085 .932d .935c .929 .942 
Ordinal by Ordinal Spearman Correlation .005 .024 .159 .874d .867c .858 .875 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Tidal_surges * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Tidal_surges .00 203 209 201 205 203 1021 
1.00 2 0 6 0 0 8 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 17.012a 4 .002 .001b .000 .001    
Likelihood Ratio 16.832 4 .002 .001b .000 .001    
Fisher's Exact Test 11.543   .001b .000 .001    
Linear-by-Linear Association .982c 1 .322 .387b .375 .400 .195b .185 .205 
N of Valid Cases 1029         
a. 5 cells (50.0%) have expected count less than 5. The minimum expected count is 1.58. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -.991. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .129   .002 .001c .000 .001 
Cramer's V .129   .002 .001c .000 .001 
Interval by Interval Pearson's R -.031 .020 -.991 .322d .387c .375 .400 
Ordinal by Ordinal Spearman Correlation -.031 .020 -.982 .326d .387c .375 .400 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Rainfall * Group 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Rainfall .00 193 179 203 199 186 960 
1.00 12 30 4 6 17 69 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 32.903a 4 .000 .000b .000 .000    
Likelihood Ratio 32.291 4 .000 .000b .000 .000    
Fisher's Exact Test 31.157   .000b .000 .000    
Linear-by-Linear Association 1.415c 1 .234 .255b .244 .266 .127b .118 .135 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 13.61. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -1.189. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .179   .000 .000c .000 .000 
Cramer's V .179   .000 .000c .000 .000 
Interval by Interval Pearson's R -.037 .033 -1.190 .234d .255c .244 .266 
Ordinal by Ordinal Spearman Correlation -.037 .033 -1.202 .230d .221c .211 .232 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Lack_of_water * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Lack_of_water .00 203 206 194 204 200 1007 
1.00 2 3 13 1 3 22 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 21.883a 4 .000 .000b .000 .001    
Likelihood Ratio 17.788 4 .001 .003b .002 .004    
Fisher's Exact Test 16.196   .001b .000 .002    
Linear-by-Linear Association .001c 1 .979 1.000b 1.000 1.000 .527b .514 .540 
N of Valid Cases 1029         
a. 5 cells (50.0%) have expected count less than 5. The minimum expected count is 4.34. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is .026. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .146   .000 .000c .000 .001 
Cramer's V .146   .000 .000c .000 .001 
Interval by Interval Pearson's R .001 .023 .026 .979d 1.000c 1.000 1.000 
Ordinal by Ordinal Spearman Correlation .001 .023 .036 .972d .939c .933 .945 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Siltation * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Siltation .00 205 209 207 205 203 1029 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value 
Pearson Chi-Square .a 
N of Valid Cases 1029 
a. No statistics are computed because 
Siltation is a constant. 
 
 
Symmetric Measures 
 Value 
Nominal by Nominal Phi .a 
N of Valid Cases 1029 
a. No statistics are computed because Siltation is a 
constant. 
 
 
Saline_intrusion * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Saline_intrusion .00 201 209 122 205 203 940 
1.00 4 0 85 0 0 89 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 345.315a 4 .000 .000b .000 .000    
Likelihood Ratio 286.033 4 .000 .000b .000 .000    
Fisher's Exact Test 271.899   .000b .000 .000    
Linear-by-Linear Association .330c 1 .566 .573b .560 .586 .288b .276 .299 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 17.56. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -.575. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .579   .000 .000c .000 .000 
Cramer's V .579   .000 .000c .000 .000 
Interval by Interval Pearson's R -.018 .013 -.574 .566d .573c .560 .586 
Ordinal by Ordinal Spearman Correlation -.017 .017 -.530 .596d .577c .565 .590 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Old_people * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Old_people .00 137 117 146 106 132 638 
1.00 68 92 61 99 71 391 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 21.645a 4 .000 .000b .000 .001    
Likelihood Ratio 21.622 4 .000 .000b .000 .001    
Fisher's Exact Test 21.516   .000b .000 .001    
Linear-by-Linear Association .533c 1 .465 .461b .448 .474 .239b .228 .250 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 77.14. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is .730. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .145   .000 .000c .000 .001 
Cramer's V .145   .000 .000c .000 .001 
Interval by Interval Pearson's R .023 .031 .730 .466d .461c .448 .474 
Ordinal by Ordinal Spearman Correlation .023 .031 .732 .464d .451c .438 .464 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Young_people * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Young_people .00 88 93 85 77 66 409 
1.00 117 116 122 128 137 620 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 7.830a 4 .098 .100b .092 .107    
Likelihood Ratio 7.914 4 .095 .098b .090 .106    
Fisher's Exact Test 7.882   .098b .090 .106    
Linear-by-Linear Association 6.583c 1 .010 .011b .008 .014 .005b .003 .006 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 80.69. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is 2.566. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .087   .098 .100c .092 .107 
Cramer's V .087   .098 .100c .092 .107 
Interval by Interval Pearson's R .080 .031 2.573 .010d .011c .008 .014 
Ordinal by Ordinal Spearman Correlation .080 .031 2.570 .010d .011c .008 .014 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Women * Group 
 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Women .00 149 143 171 125 139 727 
1.00 56 66 36 80 64 302 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 24.903a 4 .000 .000b .000 .000    
Likelihood Ratio 25.934 4 .000 .000b .000 .000    
Fisher's Exact Test 25.759   .000b .000 .000    
Linear-by-Linear Association 2.464c 1 .116 .123b .114 .131 .060b .054 .066 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 59.58. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is 1.570. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .156   .000 .000c .000 .000 
Cramer's V .156   .000 .000c .000 .000 
Interval by Interval Pearson's R .049 .032 1.571 .117d .123c .114 .131 
Ordinal by Ordinal Spearman Correlation .049 .032 1.566 .118d .122c .114 .130 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Illness * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Illness .00 189 136 183 156 168 832 
1.00 16 73 24 49 35 197 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 61.762a 4 .000 .000b .000 .000    
Likelihood Ratio 61.533 4 .000 .000b .000 .000    
Fisher's Exact Test 60.847   .000b .000 .000    
Linear-by-Linear Association .761c 1 .383 .385b .372 .397 .201b .191 .211 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 38.86. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is .872. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .245   .000 .000c .000 .000 
Cramer's V .245   .000 .000c .000 .000 
Interval by Interval Pearson's R .027 .029 .872 .383d .385c .372 .397 
Ordinal by Ordinal Spearman Correlation .027 .029 .874 .383d .376c .363 .388 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Poverty * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Poverty .00 201 208 192 202 196 999 
1.00 4 1 15 3 7 30 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 20.507a 4 .000 .001b .000 .001    
Likelihood Ratio 19.304 4 .001 .001b .000 .002    
Fisher's Exact Test 17.772   .001b .000 .002    
Linear-by-Linear Association 1.169c 1 .280 .299b .287 .310 .156b .147 .165 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 5.92. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is 1.081. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .141   .000 .001c .000 .001 
Cramer's V .141   .000 .001c .000 .001 
Interval by Interval Pearson's R .034 .028 1.081 .280d .299c .287 .310 
Ordinal by Ordinal Spearman Correlation .034 .028 1.088 .277d .269c .257 .280 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Agriculture * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Agriculture .00 158 208 206 205 203 980 
1.00 47 1 1 0 0 49 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 186.364a 4 .000 .000b .000 .000    
Likelihood Ratio 147.911 4 .000 .000b .000 .000    
Fisher's Exact Test 136.973   .000b .000 .000    
Linear-by-Linear Association 96.394c 1 .000 .000b .000 .000 .000b .000 .000 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 9.67. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -9.818. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .426   .000 .000c .000 .000 
Cramer's V .426   .000 .000c .000 .000 
Interval by Interval Pearson's R -.306 .022 -10.308 .000d .000c .000 .000 
Ordinal by Ordinal Spearman Correlation -.307 .022 -10.330 .000d .000c .000 .000 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Aquaculture * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Aquaculture .00 195 209 101 204 191 900 
1.00 10 0 106 1 12 129 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 358.512a 4 .000 .000b .000 .000    
Likelihood Ratio 306.300 4 .000 .000b .000 .000    
Fisher's Exact Test 297.692   .000b .000 .000    
Linear-by-Linear Association .160c 1 .689 .686b .674 .698 .349b .337 .361 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 25.45. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is .401. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .590   .000 .000c .000 .000 
Cramer's V .590   .000 .000c .000 .000 
Interval by Interval Pearson's R .012 .021 .400 .689d .686c .674 .698 
Ordinal by Ordinal Spearman Correlation .014 .023 .441 .660d .662c .649 .674 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Salt_manufacture * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Salt_manufacture .00 205 209 207 205 203 1029 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value 
Pearson Chi-Square .a 
N of Valid Cases 1029 
a. No statistics are computed because 
Salt_manufacture is a constant. 
 
 
Symmetric Measures 
 Value 
Nominal by Nominal Phi .a 
N of Valid Cases 1029 
a. No statistics are computed because Salt_manufacture is 
a constant. 
 
 
Immigration * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Immigration .00 203 189 207 201 194 994 
1.00 2 20 0 4 9 35 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 37.130a 4 .000 .000b .000 .000    
Likelihood Ratio 37.982 4 .000 .000b .000 .000    
Fisher's Exact Test 33.831   .000b .000 .000    
Linear-by-Linear Association .044c 1 .833 .848b .839 .857 .435b .422 .448 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 6.90. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -.211. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .190   .000 .000c .000 .000 
Cramer's V .190   .000 .000c .000 .000 
Interval by Interval Pearson's R -.007 .031 -.211 .833d .848c .839 .857 
Ordinal by Ordinal Spearman Correlation -.007 .031 -.219 .827d .800c .790 .811 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Occupation * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Occupation .00 183 89 196 135 131 734 
1.00 22 120 11 70 72 295 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 179.523a 4 .000 .000b .000 .000    
Likelihood Ratio 194.978 4 .000 .000b .000 .000    
Fisher's Exact Test 193.234   .000b .000 .000    
Linear-by-Linear Association 6.530c 1 .011 .015b .011 .018 .009b .006 .011 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 58.20. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is 2.555. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .418   .000 .000c .000 .000 
Cramer's V .418   .000 .000c .000 .000 
Interval by Interval Pearson's R .080 .030 2.562 .011d .015c .011 .018 
Ordinal by Ordinal Spearman Correlation .079 .031 2.548 .011d .015c .011 .018 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Education * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Education .00 133 23 159 39 62 416 
1.00 72 186 48 166 141 613 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 287.024a 4 .000 .000b .000 .000    
Likelihood Ratio 304.360 4 .000 .000b .000 .000    
Fisher's Exact Test 302.550   .000b .000 .000    
Linear-by-Linear Association 30.557c 1 .000 .000b .000 .000 .000b .000 .000 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 82.07. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is 5.528. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .528   .000 .000c .000 .000 
Cramer's V .528   .000 .000c .000 .000 
Interval by Interval Pearson's R .172 .030 5.609 .000d .000c .000 .000 
Ordinal by Ordinal Spearman Correlation .172 .031 5.595 .000d .000c .000 .000 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Health * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Health .00 12 9 45 6 9 81 
1.00 193 200 162 199 194 948 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 69.927a 4 .000 .000b .000 .000    
Likelihood Ratio 56.975 4 .000 .000b .000 .000    
Fisher's Exact Test 55.594   .000b .000 .000    
Linear-by-Linear Association .472c 1 .492 .512b .499 .525 .265b .253 .276 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 15.98. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is .687. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .261   .000 .000c .000 .000 
Cramer's V .261   .000 .000c .000 .000 
Interval by Interval Pearson's R .021 .025 .687 .492d .512c .499 .525 
Ordinal by Ordinal Spearman Correlation .021 .025 .669 .504d .512c .499 .525 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Social_networks * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Social_networks .00 70 19 43 51 54 237 
1.00 135 190 164 154 149 792 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 39.647a 4 .000 .000b .000 .000    
Likelihood Ratio 43.361 4 .000 .000b .000 .000    
Fisher's Exact Test 42.933   .000b .000 .000    
Linear-by-Linear Association .009c 1 .923 .940b .934 .946 .476b .464 .489 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 46.76. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -.097. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .196   .000 .000c .000 .000 
Cramer's V .196   .000 .000c .000 .000 
Interval by Interval Pearson's R -.003 .033 -.097 .923d .940c .934 .946 
Ordinal by Ordinal Spearman Correlation -.003 .034 -.090 .928d .939c .933 .945 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Political_community_rights * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Political_community_rights .00 60 30 93 36 44 263 
1.00 145 179 114 169 159 766 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 64.590a 4 .000 .000b .000 .000    
Likelihood Ratio 62.364 4 .000 .000b .000 .000    
Fisher's Exact Test 61.907   .000b .000 .000    
Linear-by-Linear Association 1.473c 1 .225 .231b .220 .242 .115b .107 .123 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 51.88. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is 1.214. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .251   .000 .000c .000 .000 
Cramer's V .251   .000 .000c .000 .000 
Interval by Interval Pearson's R .038 .030 1.214 .225d .231c .220 .242 
Ordinal by Ordinal Spearman Correlation .037 .031 1.202 .230d .231c .220 .242 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
House_quality * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
House_quality .00 3 3 26 5 5 42 
1.00 202 206 181 200 198 987 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 48.109a 4 .000 .000b .000 .000    
Likelihood Ratio 37.834 4 .000 .000b .000 .000    
Fisher's Exact Test 36.043   .000b .000 .000    
Linear-by-Linear Association .499c 1 .480 .499b .486 .512 .257b .245 .268 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 8.29. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -.707. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .216   .000 .000c .000 .000 
Cramer's V .216   .000 .000c .000 .000 
Interval by Interval Pearson's R -.022 .022 -.706 .480d .499c .486 .512 
Ordinal by Ordinal Spearman Correlation -.023 .022 -.723 .470d .469c .456 .482 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Services * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Services .00 4 2 207 0 0 213 
1.00 201 207 0 205 203 816 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 993.040a 4 .000 .000b .000 .000    
Likelihood Ratio 987.486 4 .000 .000b .000 .000    
Fisher's Exact Test 966.547   .000b .000 .000    
Linear-by-Linear Association .207c 1 .649 .669b .657 .681 .339b .327 .351 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 42.02. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is .455. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .982   .000 .000c .000 .000 
Cramer's V .982   .000 .000c .000 .000 
Interval by Interval Pearson's R .014 .017 .455 .649d .669c .657 .681 
Ordinal by Ordinal Spearman Correlation .012 .025 .380 .704d .708c .696 .720 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
Income_diversity * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Income_diversity .00 89 128 138 125 135 615 
1.00 116 81 69 80 68 414 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 31.039a 4 .000 .000b .000 .000    
Likelihood Ratio 30.649 4 .000 .000b .000 .000    
Fisher's Exact Test 30.505   .000b .000 .000    
Linear-by-Linear Association 17.860c 1 .000 .000b .000 .000 .000b .000 .000 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 81.67. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -4.226. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .174   .000 .000c .000 .000 
Cramer's V .174   .000 .000c .000 .000 
Interval by Interval Pearson's R -.132 .031 -4.261 .000d .000c .000 .000 
Ordinal by Ordinal Spearman Correlation -.132 .031 -4.268 .000d .000c .000 .000 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
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Use_of_loans * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Use_of_loans .00 192 169 136 175 180 852 
1.00 13 40 71 30 23 177 
Total 205 209 207 205 203 1029 
 
 
Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 65.878a 4 .000 .000b .000 .000    
Likelihood Ratio 63.448 4 .000 .000b .000 .000    
Fisher's Exact Test 62.667   .000b .000 .000    
Linear-by-Linear Association .444c 1 .505 .527b .514 .540 .267b .255 .278 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 34.92. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is .666. 
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Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .253   .000 .000c .000 .000 
Cramer's V .253   .000 .000c .000 .000 
Interval by Interval Pearson's R .021 .026 .666 .506d .527c .514 .540 
Ordinal by Ordinal Spearman Correlation .021 .026 .688 .492d .488c .475 .501 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
 
 
Productive_land_and_or_water * Group 
 
 
Crosstab 
Count   
 
Group 
Total 1.00 2.00 3.00 4.00 5.00 
Productive_land_and_or_water .00 129 181 206 194 197 907 
1.00 76 28 1 11 6 122 
Total 205 209 207 205 203 1029 
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Chi-Square Tests 
 Value df 
Asymp. Sig. (2-
sided) 
Monte Carlo Sig. (2-sided) Monte Carlo Sig. (1-sided) 
Sig. 
99% Confidence Interval 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound Lower Bound Upper Bound 
Pearson Chi-Square 174.487a 4 .000 .000b .000 .000    
Likelihood Ratio 161.756 4 .000 .000b .000 .000    
Fisher's Exact Test 157.783   .000b .000 .000    
Linear-by-Linear Association 113.785c 1 .000 .000b .000 .000 .000b .000 .000 
N of Valid Cases 1029         
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 24.07. 
b. Based on 10000 sampled tables with starting seed 1771073678. 
c. The standardized statistic is -10.667. 
 
 
Symmetric Measures 
 Value Asymp. Std. Errora Approx. Tb Approx. Sig. 
Monte Carlo Sig. 
Sig. 
99% Confidence Interval 
Lower Bound Upper Bound 
Nominal by Nominal Phi .412   .000 .000c .000 .000 
Cramer's V .412   .000 .000c .000 .000 
Interval by Interval Pearson's R -.333 .028 -11.306 .000d .000c .000 .000 
Ordinal by Ordinal Spearman Correlation -.333 .028 -11.330 .000d .000c .000 .000 
N of Valid Cases 1029       
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on 10000 sampled tables with starting seed 1771073678. 
d. Based on normal approximation. 
 
